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ABSTRACT 


The  purpose  of  this  investigation  was  to  determine  the 
ultimate  carrying  capacity  of  drilled  cast-in-place  concrete  piles 
in  typical  Edmonton  soils.  The  investigation  was  divided  into  two 
parts,  the  first  part  was  primarily  to  check  the  design  capacity  of 
one  of  the  drilled  cast-in-place  concrete  piles  used  in  the  found¬ 
ation  for  the  Proposed  Chemistry  and  Physics  Building.  The  second 
part  consisted  of  attempting  to  check  the  theoretical  values  of 
skin  friction  and  end- bearing  based  on  laboratory  test  results 
against  the  values  as  determined  by  means  of  actual  pile  load  tests. 
Additional  tests  were  also  made  to  check  the  theoretical  capacity 
based  on  laboratory  test  results  of  a  combined  skin  friction  and  end¬ 
bearing  pile. 

Based  on  the  field  test  results,  it  was  found  that: 

(a)  the  pile  that  is  part  of  the  foundation  for  the  Chemistry 
and  Physics  Building  appears  to  have  a  factor  of  safety  somewhat 
greater  than  3. 

(b)  the  test  results  on  the  friction  pile  were  considerably 
higher  than  expected,  possibly  due  to  the  tangential  adfreezing 
strength  of  the  soil. 

(c)  test  results  of  the  end-bearing  pile  check  with  the 
theoretical  analysis. 

(d)  in  the  case  of  the  combined  skin  friction  and  end-bearing 
pile,  it  appears  that  the  tangential  adfreezing  strength  of  the  soil 
affected  the  test  results  to  a  certain  extent. 


- 

«  • 

ii  -•  - 

. 

*  ...  *  :  - 

'  ■  ’  •  ,';J  ,  .1  .  * 


ACKNOWLEDGMENTS 


The  author  wishes  to  extend  his  appreciation  to: 


The  Department  of  Public  Works,  Government  of  Alberta,  under 
whose  sponsorship  this  investigation  was  made. 


Associate  Professor  S.R.  Sinclair  for  his  helpful  criticism 
and  guidance  throughout  the  investigation. 


Poole  Construction  Company  Limited  for  their  cooperation  in 
arranging  and  providing  the  test  pile  set-up. 


Alberta  Concrete  Products  Limited,  A-I-M  Steel  Limited, 

Perma  Tube  Limited,  Precast  Concrete  Limited,  Armco  Drainage 
and  Metal  Products  of  Canada  Limited,  for  supplying  the 
materials  which  were  used  in  the  investigation. 


, 

*  ,  ... 

...  )  .  ,  ... 


*  .  . 


«. 

<  i  •  t  ......  ,J  ■  . 


TABLE  OF  CONTENTS 


CHAPTER  PAGE 

I  Introduction  .  1 

II  Test  Piles . 13 

III  Test  Setup . 17 

IV  Analysis  of  Soil  Conditions .  22 

V  Test  Procedure  and  Analysis  of  Test  Results  .  27 

VI  Conclusions  and  Recommendations  .......  42 

Bibliography  .  44 

Appendix  A  . 71 


Appendix  B 


.  76 


V. 


.  I  O.lJ  -  .  -■  ... 


J  -J  X 


~J  ~i  L* 


•  *  ♦ 


»  i  -L  _  ^  ..  *■  ^ 


_  .  •:  ...  ...  .  .  -xc ...  _  *' 


—  .  •  •  • 


•  J  i  __  .  j  -  i  .  t.  i  wi  o*  ..  v-' 


_■  .  ;ij.  ^O...  ~  L 


-.I:;!.-  ... 


*  ■ 


;. 


LIST  OF  TABLES 


TABLE  PAGE 

A  Summary  of  Test  Results .  41 

1  Calibration  of  175  ton  Jack .  62 

2  Results  of  Load  Test  on  Pile  No.  1 .  63 

3  Results  of  Load  Test  on  Pile  No.  2  .....  .  64 

4  &  5  Results  of  Load  Test  on  Pile  No.  4 .  65  &  66 

6,  7  &  8  Results  of  Load  Test  on  Pile  No.  5 .  67-69 

9  Result  of  Load  Test  on  Pile  No.  3 .  70 


. .  j  j  1 :  3:.-  J  3.>  ‘  .U  <1  J:.  J 

. Oiil  .  dvi  io  ;.0, 

....  . 1  .  o ti  .jJ  J. :  no  j  aot  .  ic  3J  ue;:-» 

11*1  n<  la  leod  .  C 

. . oft  al  j  n  asT  >b  J  i<  . 

9 .  -  .  .■  . c  •  Ot-  no  Ja  *’  *>:x  io  ad  .mas.-.  o  \  t  j 

V  . .  .<  ..  I.  J  Ci_-  .aoj  „<•  J U  :J_/ 


LIST  OF  PLATES 


PLATE  PAGE 

I  Typical  Sections  of  Piles  Tested  .  46 

II  Test  Pile  Setup .  47 

III  Calibration  Curve  for  175  ton  Jack .  48 

SITE  OF  CHEMISTRY  AND  PHYSICS  BUILDING 

1  A  Site  Plan .  49 

2  A  Summary  of  Soil  Tests  . .  50 

3  A  Load  vs.  Settlement  Curves .  51 

SITE  OF  WEST-END  CITY  YARDS 

1  B  Site  Plan . 52 

2  B  Summary  of  Soil  Tests . 53 

3  B  Plasticity  Chart  .  54 

4  B  &  5  B  Moisture  Content  vs.  Log  Compressive  Strength  .  55-56 

6  B  -  9  B  Load  vs.  Settlement  Curves . 57-60 

10  B  Stress  vs.  Strain  Curves .  61 


J  30  i.  -  jJ, 


x  'i.ic.'Jx .i  jLiic  j.-. 


.  ..  .  J  ... . 


^  .no.  .  ‘_C'_  ..‘i: fioijjj.  '..-lili*- 


-  - . 


-■  -  -  •>  ;{  ■  - 


..:n.  ..  .  _■  4 


;  .  .  jl  ^  ^  . 


-  —  —  —  -*  *  .  •  .  j  •• 


iiliiS.  OJj 


CO 


J-i  ;  .'  j  j.  ^ 


....  •  O'-  » 


-  a  -  . 


4  o 


1  1 0  -  o 


-  -  Jl. - -•  -  -  0  a  _  -  J  w  L  .  J  ..  J  H;  ■  j:.  ...  O.'  0..  .  ,  O  :  — -  f* 


*■  ^  *  \  L  .... 


. a  ’ >  J.  . ;  J li  i  ;  .  jv  i-.-io.  ..  -  U 


•  .  a  v  3  3  j 


LIST  OF  PHOTOGRAPHS 


PHOTOGRAPH  PAGE 

1  Test  Pile  No.  5-12  inch  diameter  steel  casing  15 

2  Test  Setup .  18 

3  Channel  Support  .  20 

4  Setup  Used  to  Record  Settlement  .  21 


P;  : 

.  .  .  }  .  -  .. 

d  . .  ^  - 

. .  .  .  .  .  D ^  .  .1  iCJ 

. Jn-:,  J.-J.  j-  >•'  blOO'^t  OJ  -  i>aij  *  i' 


CHAPTER  I 


INTRODUCTION 


HISTORY 

Since  prehistoric  times  piles  and  pile  foundations  have  been 
in  common  use  as  a  means  of  support  wherever  the  ground  appeared 
incapable  of  sustaining  the  pressure  exerted  by  the  footings.  Previous 
to  the  19th  century  there  was  little  or  no  basis  for  design  of  a  pile 
foundation.  As  timber  was  abundant  and  labor  cheap,  as  many  piles 
were  driven  as  the  ground  would  permit.  Settlement  caused  no  concern 
as  the  prevalent  type  of  structure  could  withstand  a  considerable 
amount  of  unequal  settlement  without  injury. 

In  the  19th  century,  when  industrial  development  created  a 
demand  for  heavy  but  inexpensive  structures  in  locations  underlain  by 
soft  ground,  the  cost  of  pile  foundations  became  an  item  of  consequence, 
and  engineers  were  expected  to  specify  no  more  piles  than  were  necessary 
to  provide  adequate  support  for  the  buildings.  Consideration  was  also 
given  to  the  use  of  steel,  concrete,  and  composite  piles  of  various 
types,  which  in  comparison  with  timber  piles,  would  provide  a  more 
permanent  type  of  foundation  as  well  as  being  able  to  support  larger 
loads  per  pile.  In  order  to  be  able  to  specify  the  most  economical 
type  of  pile  foundation,  an  engineer  had  to  have  some  knowledge  of  the 
ultimate  load  that  an  individual  pile  could  carry.  Efforts  to  obtain 
the  necessary  information  at  a  minimum  expenditure  of  money  and  labor 
led  to  theoretical  speculations  that  resulted  in  an  impressive  assort¬ 
ment  of  dynamic  pile  formulas.  However,  the  realization  slowly  grew  that 
the  dynamic  pile  formulas  had  inherent  shortcomings,  and  it  became  more 
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and  more  customary  to  determine  the  allowable  load  per  pile  on  all 
but  the  smallest  jobs  by  making  load  tests  on  test  piles. 

For  piles  such  as  the  'Drilled  Cast-in-Place  Concrete  Piles," 
where  a  dynamic  method  is  not  used  in  constructing  the  pile,  the 
method  of  determining  the  allowable  load  per  pile  is  a  subject  of 
considerable  controversy  among  engineers.  This  type  of  pile  was 
first  used  in  the  1920's  and  the  method  originally  employed  in 
constructing  the  pile  was  to  drill  holes  with  a  hand  auger  and  fill 
them  with  concrete.  The  hand  augers  were  later  modified  to  use 
mechanical  methods  to  turn  the  augers.  These  methods  have  today  been 
replaced  by  power  machinery  capable  of  drilling  holes  from  16  inches 
to  96  inches  in  diameter,  and  to  depths  of  60  feet  or  more.  In  highly 
plastic  clay  soils  the  holes  will  normally  stay  open  without  casing 
until  filled  with  concrete. 

THEORY  OF  PILE  ACTION 

A  pile  transfers  load  into  the  surrounding  soil  by  either  (a) 
friction  along  the  embedded  length  of  the  pile,  (b)  point -bearing,  or, 
(c)  combination  of  point-bearing  and  friction.  Piles  may  be  classified 
roughly  as  "friction"  or  "end-bearing",  according  to  the  manner  in  which 
they  develop  support.  In  any  case,  the  load  must  be  carried  ultimately 
by  the  soil  layers  around  and  below  the  points  of  the  piles,  and  an 
accurate  knowledge  of  the  compressibility  of  these  soil  layers  is  of 
utmost  importance  in  predicting  the  load  the  pile  will  support. 

FRICTION  PILES 

Friction  piles  in  cohesive  soils  develop  their  carrying  capacity 
from  tangential  forces  along  the  sides  of  the  pile  and  it  can  be  assumed 
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that  very  little  of  the  load  is  carried  by  the  point.  These  tangential 
forces  produce  shearing  stresses  in  the  soil  mass.  The  limiting  value 
of  the  tangential  resistance  is  therefore  determined  by  the  shearing 
strength  of  the  soil  in  the  vicinity  of  the  pile,  and  by  the  frictional 
resistance  between  the  soil  and  the  surface  of  the  pile.  The  points  of 
such  piles  may  carry  some  load  because  the  soil  at  the  elevation  of  the 
pile  point  is  under  restraint  due  to  the  weight  of  the  soil  above. 

Friction  piles  driven  in  sensitive  clay  soils  have  provoked  many 
and  often  conflicting  ideas  as  to  the  damage  done  in  the  vicinity  of 
the  pile  by  remolding  during  driving.  At  one  time  it  was  felt  that  the 
driving  of  a  pile  in  sensitive  clays  permanently  reduced  the  shearing 
strength  of  the  soil  surrounding  the  pile.  This  has  proven  to  be  in¬ 
correct  in  most  cases  and  it  has  been  found  that  the  soil  will  regain 
its  full  undisturbed  shearing  strength  even  in  extremely  sensitive  soils. 
A  full  discussion  on  remolding  and  driving  is  given  in  (1)  and  (2).  * 

Friction  piles  driven  in  loose  granular  material  serve  to  densify 
the  material  and  as  a  result  are  some  times  referred  to  as  'Compaction 
Piles".  These  piles  are  some  times  used  to  increase  the  relative  density 
of  the  sand  thus  increasing  the  bearing  capacity  of  the  sand. 
POINT-BEARING  PILES 

If  a  pile  penetrates  a  stratum  of  soft  soil  onto  a  dense  incom¬ 
pressible  stratum,  the  load  is  carried  entirely  by  end-bearing.  Possibly 
some  of  the  load  may  initially  be  carried  by  skin  friction,  however,  it 
will  eventually  all  be  carried  by  end-bearing,  (3).  In  some  instances 
if  a  pile  passes  through  a  very  compressible  soil,  the  pressure 

*  Numbers  in  parenthesis  refer  to  references  contained  in  the 
bibliography. 
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transferred  to  this  soil  by  skin  friction  will  gradually  consolidate  it. 
Consolidation  of  this  soil  will  continue  until  all  of  the  applied  load 
is  carried  by  the  pile  point  and  if  the  load  assigned  to  the  pile  exceeds 
the  point  resistance,  then  considerable  settling  of  the  pile  may  occur. 
COMBINED  POINT-BEARING  AND  FRICTION 

Between  the  two  extreme  cases  of  full  point-bearing  and  full 
friction  with  no  point-bearing,  there  is  a  variety  of  possible  combin¬ 
ations  of  point-bearing  and  side  resistance.  It  is  difficult  to  deter¬ 
mine  how  much  load  is  carried  by  the  point  and  how  much  by  the  sides.  In 
addition,  it  is  not  known  how  the  tangential  forces  are  distributed  along 
the  length  of  the  pile.  The  distribution  of  stresses  surrounding  the 
pile  is  also  unknown.  Various  methods  of  mathematical  analysis  have  been 
applied  to  these  problems  but  without  much  success  to  the  present  time. 

If  the  pile  is  tapered,  then  in  the  case  of  skin  friction  piles  in 
sandy  soils,  the  friction  on  the  sides  is  increased  as  displacement  of 
the  soil  along  the  length  of  the  pile  must  take  place  before  any  pile 
movement  occurs.  This  has  the  effect  of  increasing  the  carrying  capacity 
of  the  tapered  pile  in  comparison  with  that  of  a  parallel- sided  pile 
having  the  same  superficial  area  in  contact  with  the  surrounding  soil. 
With  end-bearing  piles  the  effect  is  negligible,  and  the  increased  upper 
diameter  fulfils  no  useful  purpose  from  this  standpoint. 

IMPORTANCE  OF  THE  SOIL  ACTION  IN  A  PILE  FOUNDATION 

In  evaluating  any  pile  foundation  it  is  necessary  to  evaluate  the 
action  of  the  particular  soil  type  involved  as  well  as  the  behavior  of 
the  pile  itself.  The  properties  of  the  common  building  materials  are 
relatively  well  known,  and  the  designer  can  rely  upon  their  strength  and 

performance.  On  the  other  hand  the  properties  and  behavior  of  the 
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different  classes  of  soil  are,  at  best,  only  imperfectly  known.  Even 
when  continuous  samples  are  taken  in  a  drill  hole,  only  representative 
tests  can  be  run  to  determine  the  soil  properties  and  furthermore  they 
may  vary  over  the  site  investigated.  Thus  the  designer  and  builder  of 
a  pile  foundation  must  guard  against  possible  variations  of  the  soil 
properties  on  any  particular  site. 

The  total  resistance  of  the  soil  to  the  penetration  of  a  pile 
consists  of: 

1.  The  resistance  that  the  soil  has  to  displacement. 

2.  The  resistance  the  soil  has  to  a  reduction  or 
increase  in  the  volume  of  voids  in  the  soil 
adjacent  to  the  pile. 

3.  The  resistance  of  the  soil  to  movement  at  the 
pile  soil  contact. 

This  resistance  depends  on  the  character  and  density  of  the  soil 
and  on  the  pressure  exerted  against  the  sides  of  the  pile.  In  loose 
granular  soil  vibration  of  the  pile  driving  operation  causes  a  densif- 
ication  of  the  sand  accompanied  by  a  large  increase  in  friction.  Also 
in  a  loose  granular  soil  the  displacement  at  the  point  is  practically 
all  by  reduction  in  the  volume  of  voids.  In  saturated  cohesive  soils 
practically  no  volume  changes  occur,  thus  as  the  pile  is  driven  bodily 
displacement  of  the  soil  takes  place. 

SETTLEMENT 

Failure  load  (4)  of  an  individual  pile  is  considered  as  that 
beyond  which  an  increase  in  load  produces  a  disproportionate  increase 
in  settlement.  Since  a  disproportionate  increase  in  settlement  is 
caused  by  shear  failure  of  the  soil,  this  criteria  must  apply  only  to 
cohesive  soils.  In  granular  soils  there  may  not  be  a  load  where  a 
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disproportionate  increase  in  settlement  occurs,  therefore  the  definition 
for  failure  in  granular  soils  does  not  mean  shear  failure  but  rather 
consolidation.  As  a  result,  the  criteria  for  pile  failure  in  granular 
soils  is  that  the  allowable  load  shall  in  no  case  exceed  the  load  which 
produces  a  net  settlement  of  0.01  inches  per  ton  of  gross  load  applied 
as  determined  by  a  pile  load  test. 

Whatever  the  general  character  of  a  pile  foundation  may  be,  the 
ability  to  relate  the  settlement  of  an  individual  pile  to  that  of  a  pile 
group  is  of  prime  importance.  Many  investigators  have  found  it  extremely 
difficult  to  relate  the  action  of  a  single  pile  to  a  group  particularly 
when  piles  are  surrounded  by  a  granular  material.  However  as  the 
purpose  of  this  investigation  was  the  action  of  single  piles  the  action 
of  pile  groups  will  be  limited  to  the  following  discussion. 

The  magnitude  of  the  difference  between  the  settlement  of  an 
individual  pile  and  that  of  a  group  depends  on  the  characteristics  of 
the  materials  shown  in  the  soil  profile.  In  this  connection  one  must 
distinguish  among  the  following  four  principal  cases: 

(1)  The  points  of  the  piles  are  embedded  in  a  firm  stratum,  with  the 
underlying  material  of  equal  or  less  compressibility. 

(2)  The  points  of  the  piles  penetrate  through  a  bed  of  sand  or  gravel 
with  a  layer  of  clay  below  the  base  of  the  piles. 

(3)  The  piles  are  embedded  in  a  stratum  of  loose  sand  which  extends 
for  a  considerable  depth  below  the  pile. 

(4)  The  piles  are  embedded  in  soft  silt  or  clay  (floating  pile 
foundation). 

In  the  case  of  piles  embedded  in  a  firm  stratum,  with  underlying 
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material  of  equal  or  less  compressibility,  very  little  settlement  will 
occur.  As  a  rule  settlement  ceases  within  a  few  months  after  all  the 
loads  are  applied,  provided  the  piles  do  not  carry  loads  considerably 
in  excess  of  their  allowable  loads. 

For  piles  penetrating  through  a  bed  of  cohesionless  material  with 
a  layer  of  clay  below  the  base  of  the  piles,  two  different  possibilities 
need  be  considered.  If  the  pressure  exerted  on  the  clay  by  the  found¬ 
ation  does  not  exceed  the  preconsolidation  pressure,  the  influence  of 
the  beds  of  clay  on  the  settlement  of  the  foundation  is  unimportant. 

On  the  other  hand  if  the  pressure  exerted  by  the  weight  of  the  building 
is  great  enough,  the  gradual  consolidation  of  the  layers  of  clay  located 
beneath  the  points  of  the  piles  will  cause  settlement.  The  settlement 
is  likely  to  progress  at  a  decreasing  rate  during  a  period  of  many  years. 
If  the  clay  is  soft  and  the  layers  thick,  the  ultimate  settlement  can  be 
very  large,  although  the  factor  of  safety  of  the  soil  against  failure  may 
be  fully  adequate.  For  a  given  spacing  of  the  piles  and  a  given  load  per 
pile,  the  settlement  increases  with  increasing  size  of  loaded  area. 

In  the  case  of  piles  embedded  in  a  stratum  of  loose  sand  which 
extends  for  a  considerable  depth  below  the  piles,  a  distinction  has  to  be 
made  between  driving  piles  and  drilled  cast-in-place  piles.  As  mentioned 
previously,  driving  piles  densifies  the  surrounding  sand  which  results  in 
an  increased  skin  friction.  The  ultimate  bearing  capacity  of  driven 
piles  in  sand  increases  roughly  with  the  square  of  the  depth  of  pene¬ 
tration  (1).  Large-scale  experiments  (5)  have  shown  that  compaction 
caused  by  driving  one  pile  influences  the  bearing  capacity  of  any  other 
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pile  located  within  a  distance  equal  at  least  to  five  times  the 
diameter  of  the  pile*  As  a  consequence  if  only  one  pile  in  a  group 
is  loaded,  its  settlement  under  a  given  load  will  decrease  as  the 
number  of  piles  increases*  Nevertheless,  if  all  the  piles  are  loaded, 
the  settlement  of  the  group  under  a  given  load  per  pile  increases  with 
the  number  of  piles*  Cast-in-place  piles  formed  by  drilling  in  loose 
sand  do  not  increase  the  relative  density  of  the  sand  as  a  result  there 
is  no  large  increase  in  the  ultimate  capacity  as  compared  to  driven 
piles*  The  ultimate  capacity  is  dependent  on  the  actual  condition  of 
the  sand  and  would  not  be  increased  by  the  installation  of  additional 
piles*  The  difference  in  settlement  between  a  single  pile  and  a  group 
of  piles,  each  under  the  same  magnitude  of  load  as  the  single  pile, 
would  roughly  be  the  same  as  for  the  case  of  the  driven  piles*  The 
difference  would  be  that,  under  the  same  magnitude  of  loading,  the 
driven  piles  would  settle  considerably  less  than  the  drilled  cast-in- 
place  piles* 

In  the  case  of  piles  being  embedded  in  a  soft  stratum  the  pile 
foundation  would  serve  the  purpose  of  transferring  load  to  a  lower 
level*  If  the  soil  is  fairly  homogenous  to  great  depth,  the  settlement 
of  a  pile  foundation  carrying  a  given  load  distributed  over  a  given 
area  decreases  appreciably  with  increasing  length  of  piles*  However, 
should  the  construction  of  a  pile  foundation  be  in  an  area  of  newly 
placed  fill,  problems  may  arise  due  to  negative  skin  friction  acting 
on  the  piles*  If  the  subsoil  consists  of  loose  sand  or  highly  permeable 
and  relatively  incompressible  soils,  the  effect  of  the  fill  on  the  piles 
can  be  disregarded*  On  the  other  hand,  if  the  subsoil  contains  layers  of 
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soft  silt  or  clay,  the  presence  of  the  fill  considerably  increases  the 
load  on  the  piles,  and,  as  a  consequence,  also  causes  an  increase  in 
settlement.  Before  the  piles  are  installed,  the  compressible  strata 
gradually  consolidate  under  the  weight  of  the  fill  material.  After 
the  piles  are  installed  it  can  no  longer  settle  freely  because  its 
downward  movement  is  resisted  by  skin  friction  between  the  fill  and 
the  piles.  An  imperceptible  downward  movement  of  the  fill  with  respect 
to  the  piles  is  sufficient  to  transfer  onto  the  piles  the  weight  of  the 
fill  located  within  the  cluster.  If  this  load  is  greater  than  the  point 
resistance  of  the  pile,  the  settlement  of  the  foundation  will  be 
excessive,  regardless  of  what  the  ultimate  bearing  capacity  a  load  test 
may  indicate. 

The  problem  of  arriving  at  the  bearing  capacity  of  piles  by  means 
of  laboratory  test  results  is  difficult  and  is  practically  impossible 
for  the  case  of  piles  driven  in  sand.  The  most  reliable  procedure  for 
determining  the  bearing  capacity  of  an  individual  pile  in  sand  is  a 
static  load  test.  This  is  not  always  practicable  and  other  tests  such 
as  the  standard  tests  or  the  cone  penetration  tests  are  used.  With 
cohesive  soils  the  static  load  test  is  the  best  test  for  determining 
the  bearing  capacity  of  an  individual  pile  provided  the  long  term 
settlement  effect  is  taken  into  account.  The  standard  penetration  test 
or  the  cone  penetration  test  is  not  reliable  in  cohesive  soils  and  the 
reliability  of  laboratory  strength  test  results  depends  on  the 
uniformity  of  the  soil  conditions.  This  investigation  was  to  serve  the 
purpose  of  checking  the  design  method  using  laboratory  strength  test 
results  against  the  results  of  static  load  tests. 
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PILE  LOAD  TESTS 

There  have  been  innumerable  arrangements  (7)  of  apparatuses 
developed  for  making  loading  tests  on  piles.  A  great  deal  of 
flexibility  in  design  and  ingenuity  has  been  applied  to  make  tests 
with  the  greatest  economy  of  time  and  the  use  of  available  equipment. 

Test  loads  may  be  applied  by  (a)  a  direct  load  such  as  heavy 
weights  or  water  tanks  placed  on  a  platform;  (b)  jacking  against  a 
loaded  platform  or  against  an  existing  structure;  (c)  the  use  of 
anchor  piles. 

Direct  load  can  be  applied  by  any  convenient  means  such  as  pig- 
iron,  earth,  water  tanks,  or  precast  concrete  blocks.  The  procurement 
of  sufficient  fixed  load  is  sometimes  difficult,  and  the  removal  of  such 
full  load  for  repeated  loadings  and  releases  on  the  same  pile,  which  is 
usually  desirable,  is  nearly  impracticable.  Water  tanks  may  be  arranged 
for  draining  and  refilling  fairly  readily.  There  is  danger  from 
improperly  fixed  loads.  Corner  supports  should  be  placed  close  under 
loaded  platforms  to  catch  the  load  should  tilting  occur  because  of 
shifting  of  the  load  or  yielding  of  the  soil.  Jacking  against  fixed 
load  on  platforms  is  preferable  to  resting  the  load  on  the  pile.  The 
platforms  always  remain  resting  on  cribbing,  thus  eliminating  the  danger 
of  the  platforms  tilting. 

Jacking  is  usually  done  with  hydraulic  jacks  employing  a  gas  or 
liquid  under  pressure.  Another  advantage  of  jacking  is  that  the  loads 
can  be  applied  and  released  quickly  and  at  will,  permitting  quick 
determination  of  the  net  settlement  of  the  pile,  or  movement  in  the  soil, 
after  rebound  has  occurred. 
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A  compact  set-up  is  obtained  through  the  use  of  anchor  piles 
as  it  does  away  with  the  cumbersome  weights  required  for  the  fixed 
loads.  Two  anchor  piles  at  least  5  feet  on  each  side  of  the  test 
pile  may  be  used.  Jacking  is  done  against  an  I-beam  which  is  fastened 
rigidly  to  the  anchor  piles.  The  anchor  piles  should  be  larger  in 
diameter  than  the  test  pile  and  they  should  extend  deeper  into  the 
ground  in  order  to  provide  enough  reaction  to  test  the  test  pile  to 
failure.  Loads  can  be  applied  and  removed  simply  by  controlling  the 
pressure  on  the  jack. 

Test  loadings  on  piles  are  the  final  answer  for  determining  the 
ultimate  capacity  of  piles  in  sand.  However  for  piles  in  clay,  a  short 
term  test  such  as  a  pile  load  test  is  not  entirely  suitable  as  the 
cohesive  strata  cannot  obtain  its  full  settlement  until  after  soil 
consolidation,  which  may  take  years.  If  the  pile  is  in  such  a  soil  the 
ultimate  compression  cannot  be  determined,  however  the  shearing  value 
can  be  determined.  Furthermore,  the  settlement  of  small  loaded  area  of 
cohesive  soil  would  have  no  relation  to  the  much  greater  settlement 
which  would  occur  under  the  same  pile  if  it  were  one  of  many  under  the 
entire  structure.  It  is  impossible  to  evaluate  tests  unless  adequate 
boring  records  present  a  complete  picture  of  the  soil  conditions. 
Satisfactory  pile  load  tests  can  be  made  in  any  soil  through  which  water 
can  seep  freely  in  the  voids. 

Because  of  the  difference  in  the  permeability  of  clay  and  sandy 
soils,  the  Load  vs  Settlement  Curves  for  the  two  types  of  soils  have 
distinct  characteristics.  As  shown  below  the  curve  for  a  pile  loading 
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test  in  sand  has  a  continuously  increasing  slope  while  in  a  test  on 
clay  the  plot  may  be  practically  a  straight  line  nearly  to  failure. 
After  reaching  its  peak  value,  it  will  then  drop  back. 


(a)  Sand 

PLOTS  OF  LOADING 


Load  (d'ov'.s) 


Therefore  in  the  interpretation  of  test  pile  results  it  is 


highly  important  to  have  a  complete  understanding  of  the  actual  soil 
conditions  as  well  as  an  appreciation  of  the  group  action  of  piles. 
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CHAPTER  II 


DESCRIPTION  OF  TEST  PILES 

Typical  Sections  o£  piles  tested  are  shown  on  Plate  1  and 
are  as  follows: 

(1)  SITE  OF  PROPOSED  CHEMISTRY  AND  PHYSICS  BUILDING.  Plate  1A. 
SOIL  CONDITIONS 

The  site  is  overlain  by  6  feet  of  medium  plastic  stiff  clay. 
From  6  to  15  feet  a  layer  of  medium  dense  non-plastic  glacial  till 
exists  which  is  in  turn  underlain  by  a  dense  sand  layer  from  15  to 
18  feet.  At  18  feet  the  material  changes  to  a  sandy  silt,  low  to 
non-plastic  and  contains  an  occasional  pebble  and  layers  of  clay  till. 
This  material  exists  to  a  depth  of  approximately  25  feet  and  then 
changes  to  a  dense  glacial  till. 

TEST  PILES 

(a)  Test  Pile  No.  1  -  was  one  of  the  actual  piles  used  for 
the  foundation  of  the  Chemistry  and  Physics  Building.  The  pile  was 
12  inches  in  diameter,  23  feet  long  with  a  two  foot  diameter  bell 
and  was  designed  to  carry  25  tons  based  on  end-bearing  only.  The 
pile  was  reinforced  with  4  No.  5  bars  x  10  feet  long.  Since  the  pile 
formed  part  of  the  foundation  for  this  building,  the  applied  load  was 
limited  to  twice  the  design  load. 

(b)  Test  Pile  No.  2  -  was  constructed  especially  to  be  tested 
to  failure.  The  pile  was  12  inches  in  diameter,  23  feet  long  and 
was  not  belled.  The  reinforcing  is  the  same  as  in  Test  Pile  No.  1. 
Test  Pile  No.  2  was  constructed  four  feet  from  Test  Pile  No.  1.  It 
was  assumed  the  soil  conditions  are  identical  for  both  piles. 
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(II)  SITE  OF  WEST-END  CITY  YARD*  Plate  IB. 

SOIL  CONDITIONS 

The  site  is  overlain  from  zero  to  1  foot  by  a  layer  of  gravel. 
From  1  foot  to  21  feet  below  ground  surface  a  deposit  of  firm  highly 
plastic  clay  exists  which  is  underlain  from  21  feet  to  22  feet  by  a 
layer  of  soft  clayey  silt.  A  deposit  of  firm  to  dense  glacial  till 
exists  between  23  feet  and  30  feet. 

TEST  PILES 

(a)  Test  Pile  No.  3  -  was  a  12  inch  diameter  pile,  26  feet 
long,  and  was  not  belled.  No  vertical  reinforcing  was  used  in  the 
pile  and  it  was  to  be  loaded  to  failure. 

(b)  Test  Pile  No.  4  -  was  a  12  inch  diameter  pile,  23  feet 
long,  no  bell,  and  was  suspended  three  feet  above  the  bottom  of  the 
hole  by  means  of  a  one  inch  thick  steel  plate  which  was  held  in 
position  by  four  No.  5  rods.  The  rods  were  welded  to  the  plate,  and 
in  order  to  support  the  plate  in  place  while  the  concrete  set  up,  the 
rods  were  welded  to  a  five  inch  deep  channel  which  in  turn  was 
supported  at  either  end  on  12  inch  x  12  inch  timbers.  To  prevent  any 
concrete  from  passing  through  between  the  outside  of  the  plate  and 
the  hole  a  1/4  inch  thick  membrane,  14  inches  in  diameter  was  fast¬ 
ened  to  top  of  the  12  inch  diameter  steel  plate,  before  lowering  the 
plate  down  the  hole.  Test  Pile  No.  4  was  constructed  especially  to 
determine  the  ultimate  value  of  skin  friction  in  a  typical  highly 
plastic  Edmonton  clay  soil. 

(c)  Test  Pile  No.  5  -  was  a  12  inch  diameter  pile  26  feet  deep, 
no  bell.  It  was  formed  by  using  a  12  inch  diameter  steel  casing 
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Photo  1  -  Test  Pile  No.  5-12  inch  diameter  steel  casing 
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flared  to  16  laches  in  diameter  at  one  end  as  shown  in  Photo  1.  Collars 
were  welded  at  8  foot  centres  on  the  outside  of  the  steel  casing  to 
prevent  any  buckling  which  might  occur  during  the  testing  of  the  pile. 
The  outside  diameter  of  the  collars  was  16  inches,  which  was  the 
diameter  of  the  drilled  hole.  The  function  of  the  flare  at  the  bottom 
end  was  to  give  a  confining  effect  to  the  soil  just  below  the  bottom 
of  the  pile.  This  pile  was  constructed  to  determine  the  effect  of  end¬ 
bearing,  and  was  to  be  loaded  to  failure. 

Since  the  time  available  to  carry  out  this  investigation  was 
limited,  3,000  lb.  high  early  strength  concrete  was  used  in  all  piles 
with  the  exception  of  Test  Pile  No.  1,  where  standard  3,000  lb.  concrete 
was  used. 

All  piles  were  tested  in  compression  and  no  reinforcing  was 
required  in  any  of  the  piles  with  the  exception  of  Test  Pile  No.  4, 
where  the  reinforcing  was  used  to  support  the  steel  plate  above  the 
bottom  of  the  hole. 

The  piles  were  drilled  with  a  Hughes  Williams  Power  Auger  and 
the  bell  in  Test  Pile  No.  1  was  formed  by  means  of  a  mechanical  belling 
tool,  limnediately  after  completion  of  drilling,  concrete  was  poured 
into  the  hole,  and  the  top  of  the  pile  was  carefully  formed  in  order  to 
provide  a  level  bearing  surface. 
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CHAPTER  III 


TEST  SETUP 

It  was  felt  that  a  pile  setup  carrying  70  ton  of  pig-iron 
kentledge  would  be  suitable  to  test  any  of  the  piles  to  failure,  if 
so  desired.  Economics  was  also  a  governing  factor  in  limiting  the 
test  pile  setup  to  70  tons. 

The  test  setup  is  shown  in  Photo  2  and  Plate  2.  A  175  ton 
hydraulic  jack  was  used  to  transfer  the  dead  load  onto  the  pile.  The 
amount  of  load  transferred  was  recorded  by  means  of  the  hydraulic 
jack  which  had  been  calibrated  to  100  tons.  Calibration  test  results 
are  shown  in  Table  1  and  the  calibration  curve  is  shown  on  Plate  3. 

The  pig-iron  was  supported  on  a  14  foot  square  platform  and  a 
16  VF  36  I-beam  was  used  to  take  up  the  load.  The  bottom  of  the  I-beam 
was  supported  on  a  frame  work  of  12  inch  x  12  inch  timbers,  four  feet 
above  ground  surface.  This  provided  sufficient  room  for  placing  of  the 
jack  on  the  top  of  the  pile.  A  bearing  plate  2  inches  thick  was  used 
between  the  top  of  the  pile  and  the  jack,  as  shown  on  Plate  2.  This 
bearing  plate  was  necessary  in  order  to  prevent  crushing  of  the 
concrete  at  the  top  of  the  pile. 

A  5  inch  channel  supported  at  either  end,  was  used  as  a  reference 
point  for  the  extensometer  readings.  For  Test  Pile  No.  1,  the  supports 
used  were  one  inch  diameter  rods,  four  feet  long,  driven  two  feet  into 
the  ground  at  a  distance  of  10  feet  from  the  centre  of  the  pile.  This 
did  not  prove  satisfactory  as  it  was  found  that  when  over  37  tons  of 
load  was  transferred  to  the  pile*  the  extensometer  readings  did  not 
agree  with  the  level  readings.  If  the  load  on  the  pile  was  less  than 
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Photo  2  -  Test  Setup 
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37  tons,  then  the  two  readings  were  in  agreement.  As  a  result  it  was 
felt  that,  as  the  load  was  being  transferred  from  the  timber  crib  to 
the  pile,  the  ground  tended  to  rebound.  Since  the  ground  was  frozen 
at  the  time  that  the  test  was  being  performed,  it  is  conceivable  that 
this  was  occurring.  In  order  to  get  around  this  problem  it  was 
decided  to  drive  a  two  inch  diameter  pipe  4  feet  into  the  ground.  The 
rod  used  to  support  the  channel  was  driven  inside  this  pipe.  Photo  3* 
This  method  proved  satisfactory  for  fixing  the  channel  for  the  balance 
of  the  testing  program. 

In  order  to  check  the  extensometer  readings  a  surveyor's  level 
and  target  rod  were  used.  The  level  was  set  up  at  approximately  30 
feet  from  the  test  setup  and  a  reference  point  at  approximately  the 
same  distance  away  was  used  as  a  bench  mark.  In  all  cases  with  the 
exception  of  the  test  on  Test  Pile  No.  1,  the  extensometer  and  level 
readings  were  in  close  agreement.  The  reason  for  the  discrepancy  in 
the  readings  on  Test  Pile  No.  1  were  discussed  previously. 

A  magnetic  holder  as  shown  on  Plate  2  and  Photo  4,  was  fixed  on 
the  jack  to  hold  the  extensometer  in  place  during  the  testing  period. 

Test  Pile  No's  1  and  2  were  constructed  at  a  distance  of  4  feet 
apart  as  were  Test  Pile  No's  4  and  5,  in  order  that  both  piles  could 
be  tested  with  one  test  setup.  In  both  cases  shifting  of  a  portion  of 
the  pig-iron  kentledge  was  all  that  was  required,  to  obtain  the  desired 
reaction  load.  This  reduced  the  cost  of  the  investigation  as  well  as 
speeding  up  the  testing. 
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Photo  3  -  Channel  Support 
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Photo  4  -  Setup  Used  to  Record  Settlement. 


CHAPTER  IV 


ANALYSIS  OF  SOIL  CONDITIONS 

The  holes  for  the  Test  Piles  were  all  drilled  by  means  of  a 
power  auger.  Undisturbed  soil  cores  were  recovered  during  drilling 
by  pressing  2- inch  and  3- inch  diameter  thin  walled  shelby  spoons  into 
the  bottom  of  each  hole  at  regular  intervals  as  drilling  progressed. 
Soil  cores  recovered  in  this  manner  were  carefully  sealed  with 
Paraffin  and  taken  to  the  Civil  Engineering  Building  at  the  University 
where  they  were  subsequently  analysed.  In  addition  disturbed  samples 
were  taken  at  regular  intervals  for  natural  moisture  content  deter¬ 
mination. 

(1)  SITE  OF  CHEMISTRY  AND  PHYSICS  BUILDING 

Detailed  soil  conditions  together  with  field  and  laboratory  test 
results  for  this  site  are  given  in  Appendix  A,  and  are  summarized  on 
Plate  2A. 

No  samples  were  taken  in  the  drilling  of  Test  Pile  No.  1  and 
therefore  since  Test  Pile  No.  2  was  only  4  feet  away  it  was  assumed 
that  the  test  results  of  samples  taken  in  the  drilling  of  Test  Pile  No. 
2  apply  to  both  piles. 

The  drill  log  indicates  that  the  site  is  overlain  by  6  feet  of 
medium  plastic,  stiff  clay.  From  6  to  15  feet  a  layer  of  medium  dense 
non-plastic  glacial  till  exists,  which  is  in  turn  underlain  by  a  dense 
sand  layer  from  15  to  18  feet.  At  18  feet  the  material  changes  to  a 
sandy  silt,  low  to  non-plastic  and  contains  an  occasional  pebble  and 
layers  of  clay  till.  This  material  exists  to  23  feet  below  ground 
surface.  No  test  holes  were  available  near  Test  Piles  1  and  2  which 
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extend  to  a  greater  depth  below  ground  surface,  but  from  the  author's 
experience  on  the  site  during  installation  of  the  piles,  the  dense 
silty  material  exists  for  a  few  feet  deeper  and  then  the  material 
changes  to  a  glacial  till  of  equal  if  not  greater  density. 

An  analysis  of  the  test  results  show  that  the  clay  has  an  uncon¬ 
fined  compressive  strength  at  5  feet  of  3,1  tons  per  square  foot,  at  a 
moisture  content  of  25,0  percent  of  dry  soil  weight.  The  liquid  limit 
is  40,6  percent  and  the  clay  has  a  plasticity  index  of  21,2  percent. 

These  test  results  indicate  that  the  clay  is  very  stiff  and  of  medium 
plasticity.  The  glacial  till  has  an  unconfined  compressive  strength 
of  4,4  tons  per  square  foot,  at  a  water  content  of  11.6  percent.  This 
corresponds  to  a  value  of  approximately  40  blows  as  obtained  from  the 
Standard  Penetration  Test  in  Test  Hole  6  on  the  same  material.  No 
Standard  Penetration  Tests  were  run  on  the  sand.  The  blow  counts  of 
two  Standard  Penetration  Tests  on  the  silt  deposit  in  Test  Hole  No.  6 
corresponding  to  a  depth  of  19  and  22  feet  in  Test  Pile  No,  2,  was  100 
in  both  cases.  This  indicates  that  the  silt  deposit  is  in  a  very  dense 
condition. 

An  attempt  was  made  to  run  triaxial  compression  tests  on  samples 
taken  of  the  sand  and  silt  deposits,  but  because  of  the  density  of  the 
material,  difficulty  was  experienced  in  extruding  the  samples  out  of  the 
shelby  tubes.  As  a  result  a  suitable  sample  was  not  available  on  which 
a  triaxial  test  could  be  performed. 

During  the  drilling  operation  some  caving  of  the  sand  layer  was 
experienced  but  it  was  not  too  severe,  and  the  cross  section  of  the  shaft 
is  consistent  throughout  the  entire  length. 
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The  subsoil  conditions  at  the  location  of  Test  Piles  1  and  2 
are  very  good  but  they  should  not  be  taken  as  representative  for  the 
entire  site  of  The  Chemistry  and  Physics  Building.  Over  some  of  the 
other  portions  of  the  building  site  the  conditions  were  not  as  suitable 
as  in  this  particular  location.  The  reasons  for  choosing  the  area  near 
Test  Pile  No.  1  were: 

(a)  convenience 

(b)  accessibility 

(c)  pile  carrying  a  small  design  load.  As  a  result,  a  pile  had 
to  be  chosen  which  best  fitted  the  above  conditions  even  though  the 
subsoil  conditions  were  better  than  the  average. 

(2)  SITE  OF  WEST-END  CITY  YARDS 

Detailed  soil  conditions  together  with  field  and  laboratory  test 
results  for  this  site  are  given  in  Appendix  B,  and  are  summarized  on 
Plate  2B. 

The  test  hole  log  indicates  a  layer  of  gravel  from  zero  to  1  foot, 
underlain  by  a  firm  highly  plastic  clay  down  to  a  depth  of  21  feet. 
Between  21  and  22  feet  a  layer  of  soft  clayey  silt  exists,  underlain 
by  a  glacial  till  deposit.  The  glacial  till  is  soft  between  22  and  23 
feet,  but  becomes  dense  at  25  feet.  This  deposit  is  of  medium 
plasticity,  grey  in  color  with  coal  and  pea  gravel  present.  None  of  the 
test  holes  were  deeper  than  30  feet,  but  it  is  not  possible,  on 
geological  grounds,  for  highly  compressible  material  to  exist  below  the 

depth  investigated. 

An  analysis  of  the  test  results  shows  that  the  natural  water 
content  is  consistent  down  to  a  depth  of  22  feet,  where  it  increases  from 
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an  average  value  of  approximately  35  to  47.4  percent,  and  then  drops 
off  to  17.6  percent  at  25  feet.  The  natural  water  content  is  near  the 
plastic  limit  throughout  the  depth  investigated  with  the  exception  of 
tests  between  20  feet  and  22  feet  where  it  approaches  the  liquid  limit, 
and  then  falls  off  to  the  same  value  as  the  plastic  limit  at  24  feet. 
When  the  natural  water  content  in  non  sensitive  clays  approaches  the 
plastic  limit  the  soil  is  in  a  semi-solid  condition,  and  when  it 
approaches  the  liquid  limit  the  soil  is  in  a  liquid  condition. 

The  liquid  limit  tests  indicate  a  very  highly  plastic  clay  at  a 
depth  of  5  feet  with  the  liquid  limit  varying  between  80  and  90  per¬ 
cent.  The  liquid  limit  tests  on  the  clay  down  to  a  depth  of  20  feet 
resulted  in  values  greater  than  50  percent.  Because  of  the  increase 
in  silt  content  at  20  feet  the  liquid  limit  drops  off  to  42.8  percent. 
The  plastic  limit  in  all  cases  varies  between  20  and  30  percent, 
therefore  the  plasticity  index  decreases  with  an  increase  in  depth. 

The  Atterberg  Limits  on  the  glacial  till  indicate  it  to  be  a 
medium  to  highly  plastic  till,  with  the  plasticity  index  in  the 
neighborhood  of  24  percent. 

All  the  liquid  limits  on  material  from  this  site  plotted  above 
the  "A"  line  on  the  plasticity  chart  indicating  that  the  material  is 
an  inorganic  clay.  The  band  of  curves  formed  by  plotting  the  results 

of  tests  on  the  plasticity  chart  are  shown  on  Plate  3B. 

The  average  of  12  unconfined  compressive  strength  tests  on  the 
clay  material  works  out  to  1.2  tons  per  square  foot.  This  indicates 
that  the  clay  is  firm  in  respect  to  consistency.  A  plot  of  Moisture 
Content  vs  Log  Compressive  Strength  of  the  clay  material  is  shown  on 
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Plate  4B.  No  definite  trend  is  evident  from  this  plot. 

The  average  of  three  unconfined  compressive  strength  tests  on  the 
glacial  till  is  1.7  tons  per  square  foot  with  a  maximum  of  2.4  tons  per 
square  foot  at  26  feet.  It  is  likely  that  the  maximum  value  would  be  a 
typical  value  for  the  glacial  till  since  the  material  above  26  feet  is 
affected  by  the  wet  silt  deposit  at  21  feet.  This  is  brought  out  in 
the  plot  of  Moisture  Content  vs  Log  Compressive  Strength  shown  on  Plate 
5B.  Even  though  the  number  of  test  results  are  few,  there  is  a 
definite  trend  towards  an  increase  in  the  unconfined  compressive  strength 
with  a  decrease  in  moisture  content.  All  the  holes  made  water  at  a 
depth  of  21  feet  below  ground  surface,  because  of  the  wet  silty  layer 
present  at  that  depth.  Because  of  this  the  holes  were  filled  with 
concrete  immediately  after  the  drilling  operation  had  been  completed  in 
order  to  prevent  any  softening  of  the  material  at  the  base  of  the  pile. 
The  amount  of  water  that  seeped  in  was  small,  but  if  the  hole  had  been 
left  open  for  an  hour,  probably  four  or  five  inches  of  water  would 
have  accumulated  in  the  bottom  of  a  12  inch  diameter  hole. 


,  .  .  .  i  )  •  •  •  ’  '  :  ■’ 

. 

. 

* 

,  i 

■  ■  ■' 

jy/  •  .  ■.  ;  tk*'  ■  t 

,  ■  >  !  *  1- 


CHAPTER  V 


TEST  PROCEDURE  AND  ANALYSIS  OF  TEST 
RESULTS 

TEST  PROCEDURE 

The  procedure  followed  in  conducting  the  pile  loading  tests  is 
outlined  in  "Procedures  for  Testing  Soils"  published  by  the  American 
Society  for  Testing  Materials, 

Test  Pile  No.  1  was  not  loaded  to  failure  as  it  was  one  of  the 
piles  used  to  form  part  of  the  foundation  for  the  Chemistry  and  Physics 
Building.  The  applied  load  was  50  tons  or  twice  the  design  load,  and 
was  applied  in  increments  of  25,  50,  75,  100,  125,  150  and  200  percent 
of  the  design  load.  For  the  balance  of  pile  load  tests,  the  200  percent 
load  increment  was  taken  as  the  load  provided  by  the  Test  Pile  Set-up. 
Four  readings  were  taken  at  15  minute  intervals  for  each  increment  of 
load.  Extensometer  readings  were  taken  to  the  nearest  ten  thousandth 
of  an  inch  and  surveyor's  level  readings  were  taken  to  the  nearest 
thousandth  of  a  foot.  After  the  1  hour  reading  had  been  obtained  for 
each  increment  of  load,  the  next  increment  was  applied  until  either 
the  2007.  load  increment  or  pile  failure  had  been  reached.  The  maximum 
load  was  then  kept  on  for  a  24  hour  period  with  readings  taken  at 
intervals.  After  the  24  hour  period  had  expired  the  load  was  taken  off 
to  50,  25  and  zero  percent  of  the  full  test  load  and  the  rebound  was 
measured  immediately  after  unloading.  Rebound  readings  continued  to  be 
taken  for  at  least  12  hours,  after  all  the  applied  load  had  been  removed. 
Results  of  load  tests  on  all  the  Test  Piles  are  given  in  Tables  2  to  9 
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ANALYSIS  OF  TEST  RESULTS 

(1)  SITE  OF  CHEMISTRY  AND  PHYSICS  BUILDING: 

Test  Pile  No.  1  was  a  12  inch  diameter  pile,  23  feet  long  with  a  two 
foot  diameter  bell  and  was  designed  to  carry  25  tons. 

The  load  vs  Settlement  Curve  for  Test  Pile  No.  1  is  shown  on  Plate 
3A  and  the  results  are  given  in  Table  2. 

(a)  Pile  Behaviour 

The  total  applied  load  was  50  tons  which  was  200  percent  of  the 
design  load.  No  pile  failure  occurred  using  the  criteria  that  pile 
failure  occurs  when  an  increase  in  load  produces  a  disproportionate 
increase  in  settlement  (4).  Using  this  criteria,  which  is  put  forth 
in  the  National  Building  Code  (1953) ,  the  allowable  design  load  permitted 
on  this  pile  is  greater  than  25  tons.  The  design  load  permitted  should 
in  no  case  exceed  the  load  which  produces  a  net  settlement  of  0.01  inches 

per  ton  of  gross  load  applied.  The  net  settlement  at  50  tons  of  applied 

load  was  0.06  inches  and  the  allowable  settlement  permitted  by  the  Code 
at  an  applied  load  of  50  tons  is  0.50  inches.  Therefore  on  the  basis  of 
either  criteria  no  pile  failure  occurred  and  it  would  appear  that  the 
pile  has  a  factor  of  safety  greater  than  3. 

(b)  Theoretical  Analysis 

The  pile  is  embedded  from  zero  to  6  feet  in  clay,  from  6  to  15  feet 
in  glacial  till,  from  15  to  18  feet  in  dense  sand  and  from  18  to  23  feet 

in  a  sandy  silt.  The  shear  strength  of  the  clay  is  1.5  tons  per  square 

foot,  and  that  of  the  glacial  till  is  2.2  tons  per  square  foot.  For  the 
clay  and  the  glacial  till  the  shearing  resistance  is  taken  as  one-half 
the  unconfined  compressive  strength,  but  for  the  case  of  the  granular 
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material  from  15  to  23  feet  it  is  difficult  to  compute  the  shearing 
resistance  of  the  soil  along  the  sides  of  the  pile,  however,  assuming 
taat  the  shearing  resistance  for  the  granular  material  along  the  sides 
of  the  pile  can  be  determined  from  the  following  equation: 
sap  tan  <j>  (5),  where  s  z  shear  strength  of  the  material,  p  ■  effective 
or  intergranular  pressure,  tan  4>  r  coefficient  of  internal  friction, 

4>  ■  angle  of  internal  friction. 

The  angle  of  internal  friction  for  a  dense  uniform  sand  that 
consists  primarily  of  rounded  grains  is  approximately  35°.  Assuming  an 
average  angle  of  internal  friction  in  this  case  for  the  sand  and  silt 
material  between  15  and  23  feet  as  equal  to  25°,  and  an  average 
effective  pressure  of  1  ton  per  square  foot,  the  average  shear  strength 
of  this  material  works  out  to  0.47  tons  per  square  foot.  The  total 
ultimate  value  for  skin  friction  on  this  pile  would  be  the  sum  of  the 
skin  friction  of  each  of  the  materials  penetrated.  This  works  out  to 
28  tons  for  the  6  feet  of  clay  penetrated,  62  tons  for  the  9  feet  of 
glacial  till  penetrated,  and  12  tons  for  the  8  feet  of  sand  and  silt 
penetrated,  making  a  total  of  102  tons  for  skin  friction. 

To  determine  the  end-bearing  capacity  of  a  two  foot  diameter  bell 
the  formula  qdr  ■'SDfNq  +  0.6*rNx  (5),  was  used.  In  this  formula  qdr  = 
ultimate  bearing  capacity  of  a  circular  footing.  ^  a  density  of  the 
soil  at  the  base  of  the  pile.  Df  =  depth  of  base  of  pile  below  ground 
surface.  Nq  ■  bearing  capacity  factor  depending  on  the  value  of  </>. 
r  -  radius  of  circular  footing.  N*  a  bearing  capacity  factor  depending 
on  </>, 

Using  a  value  of  <t>  s  25°  in  determining  the  bearing  capacity 
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factors,  and  assuming  that  the  density  of  the  soil  at  23  feet  is  130 
lbs.  per  cubic  foot,  then  the  ultimate  bearing  capacity  of  a  two 
diameter  bell  is  20  tons  per  square  foot.  Therefore  the  ultimate 
capacity  of  this  pile  based  on  end-bearing  only  should  be  62  tons. 
Combining  the  calculated  ultimate  capacity  for  skin  friction  and  end¬ 
bearing  the  calculated  ultimate  capacity  of  this  pile  should  be  164 
tons. 

In  order  for  peak  values  to  be  used  as  calculated  above  the 
stress  strain  characteristics  must  be  the  same  for  all  the  material 
through  which  the  pile  has  penetrated.  It  is  extremely  unlikely  that 
it  would  be  and  therefore  peak  values  would  not  be  fully  developed. 
Therefore  the  maximum  calculated  capacity  of  the  pile  would  not  likely 
be  the  true  maximum.  However,  the  theoretical  analysis  does  tend  to 
confirm  the  conclusion  based  on  the  result  of  the  load  test  that  the 
pile  probably  has  a  factor  of  safety  somewhat  in  excess  of  3. 

Test  Pile  No.  2  was  a  12  inch  diameter  pile  23  feet  long  with  no  bell 
and  was  constructed  to  be  loaded  to  failure. 

The  Load  vs  Settlement  Curve  is  shown  on  Plate  3 A,  and  the  results 
are  given  in  Table  3. 

(a)  Pile  Behaviour 

No  pile  failure  occurred  at  the  total  applied  load  of  70  tons, 
based  on  criteria  previously  mentioned.  The  net  allowable  settlement 
under  an  applied  load  of  70  tons  is  0.70  inches  and  the  net  settlement 
recorded  under  the  applied  load  was  0.2729  inches.  As  a  result  there 
must  be  a  considerable  effect  due  to  skin  friction. 

The  total  settlement  recorded  was  0.3617  inches  of  which  28  per 
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cent  or  0.0988  inches  is  due  to  elastic  deformation. 

(b)  Theoretical  analysis 

The  pile  penetrates  the  same  material  as  in  the  case  of  Test  Pile 
No.  1,  and  since  it  is  also  the  same  diameter,  the  ultimate  calculated 
value  for  skin  friction  of  102  tons  must  also  apply  to  this  pile.  The 
base  of  the  pile  in  this  case  is  1  foot  in  diameter  and  the  ultimate 
capacity  based  only  on  end-bearing  should  be  16  tons.  Then 
theoretically  the  failure  load  of  this  pile  should  be  118  tons.  Here 
again,  the  calculated  ultimate  values  would  have  to  be  considered  as 
peak  values  since  the  stress  strain  characteristics  for  the  soils 
penetrate  are  not  the  same. 

The  Load  vs  Settlement  Curves  indicate  that  Test  File  No.  2 
settled  35  percent  more  than  Test  Pile  No.  1  at  an  applied  load  of  50 
tons.  This  is  due  to  the  smaller  bearing  area  of  Pile  No.  2.  However 
most  of  the  difference  in  settlement  took  place  for  the  loads  up  to  25 
tons,  and  beyond  that  the  curves  are  parallel.  It  thus  appears  that 
the  only  function  of  the  larger  bearing  area  in  this  case  is  to  reduce 
the  total  settlement  of  the  pile.  The  difference  in  total  settlement 
of  the  two  piles  at  the  design  load  of  Test  Pile  No.  1  is  0.05  inches. 
Considering  that  at  25  tons  applied  load  the  total  settlement  of  Test 
Pile  No.  2  was  0.085  inches,  it  would  appear  that  for  the  type  of 
structure  proposed,  a  12  inch  diameter  friction  pile  23  feet  deep  would 
have  been  suitable  in  this  case. 

(II)  SITE  OF  WEST-END  CITY  YARDS 

Since  Test  Pile  No.  3  is  a  combination  of  end-bearing  and  skin 
friction  the  test  results  will  not  be  discussed  until  the  test  results 
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of  Test  Piles  4  and  5  have  been  analysed. 

Test  Pile  No,  4  was  a  12  inch  diameter  pile,  23  feet  long,  with  no 
bell  and  was  suspended  3  feet  above  the  bottom  of  the  hole.  This  pile 
was  constructed  to  determine  the  effect  of  skin  friction. 

Two  tests  were  performed  on  the  pile  and  the  Load  vs  Settlement 
Curves  are  shown  on  Plate  6B,  and  the  Test  Results  are  given  in  Tables 
4  and  5,  In  Trial  No.  1,  the  pile  was  loaded  to  37,5  tons  and  then  as 
there  was  insufficient  load  on  the  test  pile  setup  to  apply  the  next 
increment  of  load,  the  pile  was  unloaded  for  24  hours.  The  test  was 
then  resumed  and  the  pile  loaded  to  failure.  This  possibly  is  the 
explanation  for  the  plot  of  the  Load  vs  Settlement  Curve  for  Trial  No. 

1  not  forming  a  smooth  curve, 

(a)  Pile  Behaviour 

Pile  failure  occurred  at  an  applied  load  of  65  tons  based  on  the 
criteria  of  disproportionate  settlement,  and  therefore  an  allowable 
design  load  of  30  tons  would  be  permitted  on  this  pile.  The  net  settle¬ 
ment  at  30  tons  applied  load  was  approximately  0.08  inches  while  on  the 
bases  of  the  second  criteria  a  net  settlement  of  0.30  inches  would  be 
permitted.  The  net  settlement  of  this  pile  after  24  hours  under  an 
applied  load  of  65  tons  was  2.146  inches  for  Trial  No.  1  and  2.164  inches 
for  Trial  No.  2. 

The  elastic  deformation  in  Trial  No.  was  2.3  percent  or  0.05  inches. 
In  Trial  No.  2  the  elastic  deformation  was  3.6  percent  or  0.08  inches. 

(b)  Theoretical  Analysis 

The  highly  plastic  clay  material  on  this  site  has  a  Liquid  Limit 
varying  between  52  and  89  percent  and  the  average  moisture  content  is 
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approximately  36  percent.  Therefore  the  clay  should  behave  as  a 
saturated  cohesive  material. 

The  pile  is  embedded  in  1  foot  of  gravelly  material  which  is  under¬ 
lain  by  a  highly  plastic  clay  layer  from  1  to  21  feet  below  ground  surface. 
Below  this  exists  a  1  foot  thick  stratum  of  sandy  silt  which  is  in  turn 
underlain  from  22  to  26  feet  by  glacial  till.  The  clay  is  stiff  and  on  the 
basis  of  12  test  results  has  an  average  shear  strength  of  1200  lbs,  per 
square  foot.  No  tests  were  run  on  the  sandy  silt  layer  which  is  low  to 
medium  plastic  and  has  a  very  soft  consistency.  The  unconfined  com¬ 
pression  strength  of  the  glacial  till  increases  from  1,2  tons  per  square 
foot  at  23  feet  to  2.4  tons  per  square  foot  at  26  feet.  The  top  of  the 
glacial  till  has  softened  up  due  to  the  presence  of  the  wet  silt  layer 
above  it.  Based  on  an  average  of  three  tests  the  shearing  strength  of  the 
glacial  till  is  1600  lbs.  per  square  foot.  The  ultimate  capacity  of  this 
pile  should  then  be  the  sum  of  the  skin  friction  for  the  length  of  pile 
penetrating  the  clay,  the  length  penetrating  the  silt  and  the  length 
penetrating  the  glacial  till.  It  is  assumed  that  the  shear  strength  of  the 
gravel  fill  is  equal  to  the  average  of  the  clay.  It  will  be  further 
assumed  that  the  shear  strength  of  the  silt  deposit  is  equal  to  0.12  tons 
per  square  foot  (13).  Also,  since  the  pile  penetrates  only  into  the  soft 
glacial  till,  therefore  in  calculating  the  skin  friction  for  that 
portion  of  pile,  a  shearing  strength  equal  to  1200  lbs.  per  square  foot 
will  be  used.  This  is  based  on  the  sample  tested  at  23  feet.  Using 
the  above  values,  the  average  shearing  resistance  of  the  soil  is  1160 
lbs.  per  square  foot,  and  the  theoretical  ultimate  capacity  of  the 
pile  works  out  to  42  tons.  This  is  considerably  less  than  the  load  of 
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65  tons  which  was  required  to  fail  this  pile*  Since  we  are  dealing 
with  a  saturated  non-sensitive  clay  soil  the  calculated  ultimate 
capacity  should  not  vary  greatly  from  the  ultimate  capacity  as 
determined  by  means  of  a  pile  load  test*  The  difference  between  the 
two  results  is  considerable  in  this  case,  therefore  possibly  the  top 
3  feet  of  the  pile  which  penetrated  frozen  soil  affected  the  test 
results* 

In  arriving  at  the  actual  value  for  the  shear  strength  along 
the  length  of  the  pile  based  on  the  failure  load,  the  weight  of  the 
pile  should  be  added  to  the  applied  load  of  65  tons.  The  weight  of 
a  column  of  concrete  12  inches  in  diameter  and  23  feet  long  is  1*35 
tons,  therefore  the  failure  load  should  be  taken  as  66  tons*  On  this 
basis  the  average  ultimate  shear  strength  of  the  soil  works  out  to 
1800  lbs.  per  square  foot  for  a  pile  23  feet  long.  This  is  640  lbs. 
per  foot  higher  than  the  value  for  the  shear  strength  of  the  soil 
based  on  laboratory  test  results*  Assuming  that  the  top  3  feet  of 
frozen  soil  accounted  for  the  difference  of  24  tons  between  the  cal¬ 
culated  and  the  actual  ultimate  capacity  of  the  pile,  then  the 
tangential  adfreezing  (6)  strength  of  this  material  works  out  to  5,000 
lbs.  per  square  foot* 

The  tangential  adfreezing  strength  is  defined  as  the  resistance 
to  the  force  that  is  required  to  shear  off  an  object  which  is  frozen  to 
the  ground,  and  to  overcome  the  friction  along  the  plane  of  its  contact 
with  the  ground.  The  value  of  the  tangential  adfreezing  strength  varies 
with  many  factors  (20).  In  comparison  the  value  given  for  a  clay  soil 
at  a  temperature  of  4  12^F,  and  at  a  moisture  content  of  34.6  percent 
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is  24.7  tons  per  square  foot.  Assuming  that  the  full  value  of  the 
tangential  adfreezing  effect  is  developed  in  the  top  3  feet  of  frozen 
soil,  then  an  applied  load  of  242  tons  would  be  required  to  overcome 
this  effect.  Since  pile  failure  did  occur,  and  the  theoretical  analysis 
does  not  agree  with  the  actual  field  test,  it  would  have  to  be  assumed 
that  the  freezing- in  of  the  top  3  feet  had  some  effect  on  the  test 
results,  but  to  a  considerably  smaller  extent  than  indicated  by  the 
above  analysis. 

Two  tests  were  run  on  this  pile  in  an  attempt  to  determine  the 
effect  of  remolding  of  the  clay  after  shear  failure  had  occurred  and 
also  to  try  and  determine  the  effect  of  freezing-in  of  the  pile  on 
the  ultimate  bearing  capacity.  The  test  results  did  not  vary 
sufficiently  to  draw  any  conclusions  of  the  above  effect  on  the 
ultimate  capacity. 

Test  Pile  No,  5  was  a  12  inch  diameter  pile,  26  feet  long,  and  flared 
out  to  16  inches  in  diameter  at  the  bottom  end  (Photo  1).  The  height 
of  the  flare  was  8  inches.  Test  Pile  No.  5  was  bearing  on  glacial  till 
and  was  constructed  to  determine  the  effect  of  end  bearing  in  a  pile 
foundation. 

Load  vs  Settlement  Curves  for  the  three  tests  performed  on  this 
pile  are  shown  on  Plate  7B,  and  the  results  of  the  three  tests  made  on 
this  pile  are  given  in  Tables  6,  7  and  8. 

(a)  Pile  Behaviour  and  Theoretical  Analysis 

Trial  No.  1:  based  on  the  criteria  of  disproportionate  settlement, 
pile  failure  occurred  with  the  application  of  the  first  test  load 
increment  of  12.5  tons.  The  net  settlement  under  this  load  was  1.56 
inches  therefore  on  the  basis  of  the  second  criteria  pile  failure  also 
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occurred  as  the  actual  net  settlement  is  considerably  greater  than  the 
allowable  of  0.12  inches.  The  ultimate  bearing  capacity  of  the  glacial 
till  at  25  feet  for  a  circular  footing  is  8.9  tons  per  square  foot  and 
allowing  1.3  tons  per  square  foot  for  the  confining  action  of  the  soil 
at  26  feet,  the  theoretical  ultimate  bearing  capacity  of  this  material 
would  then  be  10.2  tons  per  square  foot.  On  this  basis  the  theoretical 
ultimate  capacity  of  a  16  inch  diameter  pile  bearing  at  26  feet  below 
ground  surface  should  be  14  tons  which  agrees  with  the  ultimate  capacity 
as  determined  by  the  pile  load  test. 

Loading  of  the  pile  was  continued  until  a  load  of  50  tons  had  been 
applied,  resulting  in  a  net  settlement  of  7.416  inches.  The  load  was 
then  removed  and  the  pile  was  immediately  reloaded. 

Trial  No.  2:  based  on  the  first  criteria  as  stated  above,  pile  failure 
did  not  occur  until  the  50  ton  load  had  been  applied.  On  the  basis  of 
the  second  criteria  the  pile  failed  at  an  applied  load  of  37.5  tons  as 
the  net  settlement  permitted  is  0.375  inches  which  is  considerably  less 
than  the  resultant  settlement  of  0.6357  inches.  On  the  basis  of  37.5 
tons  being  the  failure  load,  the  ultimate  bearing  capacity  of  the  glacial 
till  works  out  to  27  tons  per  square  foot  which  is  considerably  greater 
than  the  ultimate  on  the  basis  of  unconfined  compressive  strength 
results.  Since  the  glacial  till  is  a  heterogeneous  material  the 
unconfined  compressive  strength  test  does  not  give  a  true  indication  of 
the  shear  strength  of  this  material.  Also  because  no  denser  layer 
exists  immediately  below  the  pile,  as  indicated  by  the  strength  test  on 
the  sample  at  30  feet,  the  glacial  till  material  must  offer  a 
considerable  greater  resistance  to  penetration  than  is  indicated  by  the 
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unconfined  compressive  strength  test*  A  better  indication  of  the 
penetration  resistance  of  the  glacial  till  would  have  been  obtained 
from  a  standard  penetration  test,  but  as  no  equipment  was  available 
to  run  this  test,  it  was  decided  to  run  unconfined  compression  tests 
instead* 

The  net  settlement  of  the  pile  24  hours  after  the  50  ton  load  was 
applied  was  6.35  inches,  and  thus  the  total  settlement  for  the  first 
two  tests  was  13.76  inches.  The  elastic  deformation  was  2.7%  or  0.1738 
inches. 

Trial  No.  3:  based  on  either  of  the  two  criteria  for  pile  failure,  no 
pile  failure  occurred  at  an  applied  load  of  55  tons.  The  net  settlement 
24  hours  after  the  55  ton  load  was  applied  was  0.384  inches  as  compared 
to  the  allowable  of  0.55  inches.  The  elastic  deformation  was  47.6 
percent  or  0.348  inches.  Even  though  possibly  some  of  the  load  is  being 
taken  by  skin  friction  on  the  flared  out  portion  of  the  pile,  it  is 
difficult  to  make  any  analysis  of  this,  and  since  the  flared  out  portion 
is  only  8  inches  high,  the  amount  of  skin  friction  would  be  small  in 
comparison  to  the  end-bearing.  Assuming  that  penetration  is  being 
resisted  by  end-bearing  alone  then  at  55  tons  applied  load,  the  bearing 
capacity  being  developed  is  40  tons  per  square  foot.  It  would  appear 
that  on  the  basis  of  the  three  test  results,  the  resistance  of  the 
glacial  till  to  penetration  increases  considerably  with  a  relatively 
small  penetration  of  the  test  pile. 

On  the  basis  of  the  three  tests  performed  on  this  pile  it  would 
have  to  be  assumed  that  the  unconfined  compression  strength  test  results 
together  with  the  necessary  adjustment  for  the  depth  factor  give 
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accurate  results  for  the  end-bearing  capacity  of  a  drilled  cast-in- 
place  pile*  In  the  case  of  a  pile  being  driven  into  the  glacial  till 
and  therefore  causing  displacement  of  the  material,  the  standard 
penetration  test  would  be  more  suitable  for  determining  the  design 
load. 

Test  Pile  No*  3  was  a  12  inch  diameter  pile,  26  feet  long  with  no 
bell,  and  was  constructed  to  be  loaded  to  failure. 

The  Load  vs  Settlement  Curve  is  shown  on  Plate  8B,  and  the 
test  results  are  given  in  Table  9. 

(a)  Pile  Behaviour 

No  pile  failure  occurred  at  the  applied  load  of  70  tons.  This 
is  in  accordance  with  the  criteria  of  disproportionate  settlement. 

Also,  on  the  basis  of  the  second  criteria  no  pile  failure  occurred  as 
the  allowable  net  settlement  permitted  is  0.70  inches  and  the  actual 
net  settlement  that  occurred  was  0.2221  inches.  The  elastic 
deformation  was  25.8  percent  or  0.0774  inches. 

(b)  Theoretical  Analysis 

Theoretically  this  pile  derives  its  carrying  capacity  from  a 
combination  of  skin  friction  and  end-bearing,  as  compared  to  the  simple 
case  of  a  friction  pile  in  Test  Pile  No.  4  and  an  end-bearing  pile  in 
Test  Pile  No.  5.  The  ultimate  theoretical  value  for  skin  friction  is 
the  sum  of  the  skin  friction  through  21  feet  of  clay,  one  foot  of  silt 
and  4  feet  of  glacial  till.  It  will  be  assumed  that  the  1  foot  of  fill 
to  have  a  shear  strength  equal  to  the  average  shear  strength  of  the  clay. 
The  theoretical  ultimate  value  for  skin  friction  through  the  fill  and 
the  clay,  based  on  an  average  shear  strength  of  1200  lbs.  per  square  foot 
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is  40  tons.  Here  again  assuming  that  the  one  foot  silt  layer  has  an 
average  shear  strength  of  0.12  tons  per  square  foot,  then  the 
theoretical  ultimate  value  for  skin  friction  through  this  layer  is 
0.4  tons.  The  theoretical  ultimate  value  for  skin  friction  through 
the  glacial  till,  based  on  an  average  shear  strength  of  1600  lbs.  per 
square  foot  is  10  tons.  Therefore  the  theoretical  ultimate  value  for 
skin  friction  on  this  pile  is  50  tons.  Allowing  1.3  tons  per  square 
foot  for  the  depth  factor  then,  the  theoretical  ultimate  end-bearing 
capacity  of  a  12  inch  diameter  pile  bearing  on  the  glacial  till  at  26 
feet  is  8  tons.  Combining  the  ultimate  values  for  skin  friction  and 
end-bearing,  the  pile  should  theoretically  have  an  ultimate  capacity 
of  58  tons,  assuming  the  clay  and  the  glacial  till  to  have  the  same 
stress  strain  characteristics. 

Since  the  pile  was  not  tested  to  failure  and,  as  in  the  case  of 
Test  Pile  No.  4,  freezing- in  of  the  pile  did  occur,  it  is  difficult  to 
draw  any  conclusions  from  the  theoretical  analysis  based  on  the  field 
test  results.  As  in  the  case  of  the  friction  pile  it  is  likely  that 
the  freezing-in  of  the  pile  affected  the  test  results  to  a  certain 
extent. 

For  comparison  purposes  a  plot  of  Load  vs  Settlement  Curves  for 
all  the  Test  Piles  with  the  exception  of  Test  Pile  No.  5  is  shown  on 
Plate  7B.  In  comparison  of  1  hour  readings  the  least  settlement  was 
recorded  in  Test  Pile  No.  1,  up  to  a  test  load  of  36  tons.  For  test 
loads  between  36  and  70  tons.  Test  Pile  No.  3  recorded  the  least 
settlement.  The  Load  vs  Settlement  Curve  for  Test  Pile  No.  2  is  below 
that  for  Test  Pile  No.  3  and  the  difference  increases  with  an  increase 
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in  load.  The  difference  at  70  tons  was  17  percent  while  at  50  tons  it 
was  14  percent.  This  does  not  agree  on  the  basis  of  strength  test 
results  for  the  two  types  of  soils  but  does  agree  as  far  as  the  theory 
of  consolidation  for  rate  of  settlement  is  concerned.  In  the  case  of 
Test  Pile  No*  3  because  of  impervious  nature  of  the  clay  as  compared  to 
the  sand,  consolidation  does  not  take  place  until  a  considerable  time  after 
the  load  is  applied.  In  comparing  the  load  settlement  curves  for  Test 
Piles  No.  1  and  3,  the  increased  end  area  in  Test  Pile  No.  1  had  no 
effect  in  reducing  the  settlement  for  loads  greater  than  36  tons. 

Curves  for  Test  Pile  No.  4  are  below  those  of  Test  Piles  1,  2 
and  3,  with  the  exception  of  that  between  21  and  45  tons,  where  the  curve 
for  Trial  No.  2  is  above  that  of  Test  Pile  No.  2.  This  is  possibly  due 
to  remolding  effect  of  the  clay  soil. 

Based  on  24  hour  readings  the  settlement  of  Test  Pile  No.  2  was 
0.1237  inches  while  Test  Pile  No,  3  settled  0.216  inches,  which  is  in 
agreement  with  the  theory  of  consolidation. 

A  plot  of  stress  vs  strain  based  on  field  test  results  for  the  skin 
friction  and  end-bearing  piles  is  shown  on  Plate  10B.  The  modulus  of 
elasticity  for  the  soil  along  the  sides  of  the  pile  is  greater  than  for 
the  soil  at  the  bottom  of  the  pile.  The  plot  of  the  two  Trials  for  the 
friction  pile  are  in  close  agreement.  In  the  case  of  the  end-bearing 
pile.  Trial  No.  3  definitely  has  a  higher  modulus  of  elasticity  than  Trial 
No.  2.  This  plot  indicates  that  the  material  along  the  sides  of  the  pile 
is  stiffer  than  the  material  at  the  base  of  the  pile.  As  a  result  in  the 
case  of  the  combined  skin  friction  and  end-bearing  pile,  the  skin  friction 
component  would  carry  the  greater  percentage  of  the  applied  load. 
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A  summary  of  pile  load  test  results  is  given  in  the  following 


table: 


TABLE  A  -  SUMMARY  OF  TEST  RESULTS 


ITEM 

PILE  NO. 

1 

2 

3 

4 

5 

Applied  Load  (tons) 

50 

70 

70 

65 

55 

Measured  Ultimate  Load  (tons) 

- 

- 

- 

65 

12.5 

Ultimate  Load  Based  on  shear 
strength  of  the  soil  (tons) 

164 

(-) 

118 

(-) 

58 

42 

14 
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CHAPTER  VI 


CONCLUSIONS  AND  RECOMMENDATIONS 


CONCLUSIONS: 

The  following  conclusions  can  be  drawn  from  the  results  obtained 
from  the  testing  program. 

(A)  Site  of  Chemistry  and  Physics  Building. 

(1)  Piles  tested  did  not  fail  under  test  load.  It  would 
appear  that  the  pile  tested  forming  part  of  the  foundation  for  the 
Chemistry  and  Physics  Building  has  a  factor  of  safety  somewhat  greater 
than  3.  This  was  expected  as  the  laboratory  strength  test  results 
indicated  that  the  sub  surface  conditions  at  this  particular  location 
were  better  than  at  other  locations  on  this  site. 

(2)  Since  neither  of  the  piles  was  loaded  to  failure,  it  is 
difficult  to  draw  any  conclusions  on  the  accuracy  of  the  theoretical 
analysis. 

(B)  West-End  City  Yards. 

(3)  Test  Results  for  the  friction  pile  did  not  check  with 
theoretical  analysis  and  the  most  reasonable  explanation  appears  to  be 
due  to  the  fact  that  the  top  3  feet  of  pile  was  in  frozen  soil. 

(4)  Test  results  for  the  end-bearing  pile  check  with  the 
theoretical  analysis. 

(5)  Test  results  for  the  combined  skin  friction  and  end¬ 
bearing  pile  do  not  check  with  theoretical  analysis,  and  here  again  the 
discrepancy  appears  to  be  due  to  the  effect  of  the  frozen  soil. 


V 


.a:  .-o. 

Jo  aJlueeTt  sd^  moj.1  nwaib  ®d  nao 

,  ~  ■  '‘~ 

.  -  ... 

.  _  i;  -J:  _  J  _  '  f  J  .  .  "I  *1  '>  '■•••>  -J  ’  ■‘J-1  J  IJ.i.,  A.-  ,  '*3<* 

* 

uojl .  !ic  .  i  .  i.Jc  3  J*i  8iioi3ib  IOO  si  n.,  i Ur.  dwa  oil!  J-flM  baJftoin.-i 

.  .  .. 

- 

5  (:  " . .  . .  .  -  -  >  i  •  ■  • 

* 


...  v  . . "  (  ) 

.  '  it  .  '>-  '•)  ali<;  fioiJo.  il  si.i  iol  JeaT  O’) 

i  £  1  ' i_, .  v  t-  !3  u:  i  _•  "  •  •  *-■  L 

,  ...  ..  .  ..  I  ■  ■  '  ■ 


.  .  .  ,  .  1 

-b  b:^.  xioiJoiii  nisi  a  jo:  imoo  .oL  xoi  83:juaoi  J«£  C 

t  ' 

. 


43  - 


RECOMMENDATIONS: 

For  possible  future  research  into  the  carrying  capacity  of  cast- 
in-place  piles  the  following  points  are  put  forward: 

(1)  The  test  set  up  was  satisfactory  for  the  tests 
performed.  In  any  future  testing  it  may  be  found  that  the  testing  could 
be  performed  more  economically  by  the  use  of  anchor  piles. 

(2)  For  better  anchorage  of  the  reference  points,  a  hole  down 
to  a  depth  of  about  10  feet,  filled  with  concrete  could  be  used  for  short 
term  tests,  and  down  to  at  least  20  feet  for  long  term  tests. 

(3)  A  nest  of  springs  may  be  used  on  the  top  of  pile  in  order 
to  better  maintain  each  increment  of  load  especially  when  a  constant  load 
is  to  be  maintained  for  any  length  of  time. 

(4)  There  was  no  effort  made  to  determine  the  variation  in 
bearing  capacity  of  cast-in-place  concrete  piles  with  time.  It  had  been 
hoped  that  conclusions  could  be  drawn  on  the  amount  of  skin  friction  that 
could  be  considered  in  the  design  of  cast-in-place  pile  foundations,  but 
since  the  modulus  of  deformation  was  the  same  for  both  types  of  soils 
therefore  no  conclusions  can  be  drawn.  It  is  hoped  though,  that  enough 
data  has  been  presented  to  stimulate  interest  in  cast-in-place  piles 
sufficiently  to  warrant  more  research  in  order  to  establish  a  uniform 
design  criteria  for  foundations  of  this  type. 
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TABLE  I 


Calibration  of  175  Ton  Jack 
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Note:  *lndicates  level  readings  used  in  plotting  load-settlement  curve 
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UNIVERSITY  of  ALBERTA 

DEPT-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

MOISTURE  CONTENT 

PROJECT  Te.vt  *2 

SITE  C,+Ae.rn-  Kh vs ics  n r>i  ,oc* 

sample 

LOCATION  UNiOeRSiT1/  CL<\.rv\pus> 

hole  DEPTH 

TECHNICIAN  ?-J^-  DATE  II 

Hole  No- 

Z 

Z 

Z 

Z 

z 

Z 

Depth 

,t  1 

Z/z . 

_  / 

5 

7 

/o' 

/Z  'Jz. 

/ 

IS 

Sample  No- 

/ 

Z 

s 

Container  No- 

1  A  /So 

J  AZ1 

M  Z7 

1  AZ7 

/A  55 

1  AZ7 

Wt-  Sample  Wet  t  Tare 

67-95 

7/.  34, 

<77.3f 

47.S/ 

/oo.tf 

(oS.OO 

Wt- Sample  Drv  -hTare 

7  / .  Z5 

^o,3C=. 

&5.7L 

< 0Z-43 

©88S 

58  e,i 

Wt- Water 

/<o-(o9 

1  1  .-c>a 

11.58 

s.  /s 

//-©/ 

4o9 

Tare  Container 

/  7.57- 

1  7-4,7 

/7.G7 

1  7.(o  to 

I  7.  7/ 

l  7  •  fc>4> 

Wt-  of  Drv  Soil 

S5.ll 

<az.4»9 

^8-09 

4-4-97 

7/.  /Z 

*f /•  /  5 

Moisture  Content  ur  % 

5/.  2 

ZS.B 

/4.7 

1 1 

|  0.0 

Hole  No 

Z 

Z 

Z 

Depth 

n'/z 

i 

Zo 

1 

Z  3 

Sample  No- 

9- 

Container  No 

/A/9 

1  f\64 

/  AZ3 

Wt  Sample  Wet-t-  Tore 

65.  t>7 

(ol.  IZ 

1 4:  *4-1 

Wt-  Sample  D/y  +  Tare 

7  7. 

CoZ.z7 

4,^33 

Wt- Water 

7.77 

<A83 

/o,  .08 

Tore  Container 

17.^ 

|7.38 

/  7.  2  7 

Wt  of  Drv  Soil 

4,0. 7-7- 

9"/-. 7  / 

4-7-  o(o 

Moisture  Content  a r% 

/Z-  7 

/  o  .8 

Z2-8) 

Hole  No- 

Depth 

Somple  No- 

Container  No- 

Wt- Sample  Wet-t*  Tare 

Wt  Sample  Drv+Tore 

Wt  Water 

Tare  Container 

Wt-  of  Dry  Soil 
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APPENDIX  B 


LABORATORY  TEST  RESULTS 


SITE  OF  WEST-END  CITY  YARDS 


LABORATORY  TEST  RESULTS 


TEST  PILE  NO.  3 


-  76  - 


UNIVERSITY  of 

ALBERTA 

DEP’T-  of  CIVIL 

ENGINEERING 

SOIL  MECHANICS 

LABORATORY 

ATTERBERG 

LIMITS 

PROJECT  iiLsrr  TVs. 

*±3  I 

SITE  iiq-^/W.  L 

1  S'Tj^t.en . 

SAMPLE  ^1  I 

LOCATION _ I 

HOLE  ^3  , 

DEPTH  -5 7 

TECHNICIAN  V •  . 

D  ATEzV/  //59 

Liquid  Limit 


Trial  No- 


No.  of  Blows 


1/ 


1/ 


I  S 


/9 


Container  No. 


Vfl 


V79 


V  7/ 


Wt-  Sample  Wet  tTore 


S^T  2053 


Bl .  7fao 


9Z.fc^Z8 


/oo.  4-097 


Wt- Sample  Dry -1-Tare 


77-  73  /  / 


7S  .26  3  3 


6(o.8l  *14* 


Bl.  QS  f  7 


92. 


73.  fa>7fa7 


Wt-  Water 


4>-So  fas 


5.e>isi 


7-  75/7 


7.7Z43 


fa-9  7faS 


Tore  Container 


4,9-  fa 9-7-8 


<ol  ■  OS27 


79.  Sa9-7 


7 2.  olSS 


&3.7Z37 


faS  59oL 


Wt-  of  Dry  Soil 


g>.Oe  fa3 


s.  Z oot» 


7.  3  /  fa  7 


9.  0084  8.BS97 


&  .  OS  fa| 


Moisture  Content  11/% 


80I 


79.1 


©fa.z 


©7./ 


e,fa  •  1 


E8 


S7 


©5 


e*/ 


Average  Values 
'W"|3  B>  JrZ  1 

tty 

1*/"c  * - 


Container  No- 


Wt-  Sample  Wet+Tore 


Wt-  Sam  pie  Dry -f  Tare 


Jp  »  faQ  O% 

L  *  z^.(o 


Wt-  of  Dry  Soil 


29/ 


Plastic  Limit 


Trial  No- 


Wt-  Water 


Tare  Container 


Moisture  Content  7o 


/ 


1 


3/.7313 


3/37/7 


Q-SfaZfa 


Z9.&9Q3 


Z<A  S 


3  /,7l/Z 


fc.tV-9/ 


o.35L8 


Z9.9Q/1 


A1S3Q 


z!/ 


// 


3/.3&44^Q.3ofag| 


o.3VZ3| 


3?-/QfeS 


/.loz; 


zl-4 


Shrinkage  Limit 


Trial  No 


Container  No- 


©z 


Bo 


79 


Wt-  of  Dry  Soil  Wc 


Moisture  Content  w0! 


.  Container 


Vol-  Dry  Soil  Pat  Vo 


^  =  C^*'00) 


Description  of  Sample;. _ 

highly  r>\o\A 


€.s>e. 


A± 
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8  9  10  15  20  25  30 

Number  of  Blows 
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UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


PROJECT  -TeLyr  -tW 


SITE 


SAMPLE 


"  £ 

v\<=i 


LOCATION  /L  ii4-~*  l\s, 


t=  . 


JbLQLE 


TECHNICIAN 


DEPTH  /o7 


DATE  ///£>/$,? 


Li  q 


uid  Limit 


Trial  No- 


No-  of  Blows 

Container  No. 


35 


z4- 


3  3 


/9 


/9 


/s 


V  19 


\i  z^o 


v 


V9-/ 


Wt-  Sample  Wet  +  Tare 


V  7/ 


V3^ 


95. 3/ ^5 


e>/.3<®9  7  9S.Z4-5o 


B5 .ZZ9  2 


S9.7  n  3 


©/.  9</85 


Wt- Sample  Dry+Tare 


e.^,9  3  7<b 


7<q. OQ9S  93.  3Z3<A 


7S-335V- 


7fc,.  5907 


Wt-  Water 


5"-3  7(o9 


53598 


^  a?3a 


€*.3V-Ze 


53S7S 


Tare  Container 


79.  soy-7 


^5-5  90(0  63.7Z37 


^9 


7Z-OV-3  3 


<o7.  o$Z7 


Wt-  of  Dry  Soil 


/o.  ^329 


/O.f/93  9.5997 


8-fa9QL 


//  -3Z5Z 


9  5380 


Moisture  Content 'u/7£ 


St. 


S'  -  4 


Average  Values 

Itr.  =  S3?  7o 

L 

2  fez  % 

p 

tcC  S 

In  ». 

25  7  % 

P 

If  *- 

IS  .& 

it=. 

-'■•37. 

SJ-  V- 


s<~.4- 


55  .9 


5<o.2 


Plastic  Limit 


Trial  No- 


Container  No- 


Wt-  Sample  Wet+Tare 


Wt-  Sample  Pry+Tore 


Wt-  Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  %  Z&.<©  ZS-7 


/ 


9^ 


3Z.-Z.S70 


31.  7  307 


o.-S2fc3 


£9-  89  03 


3Z.S4-77 


3/9S7Z 


0.5905 


2?.  9  Oz</ 


/•SV- O^  2.Q558 


// 


W.  O9oo 


3?./Q(oZ 


/.9&3  8 


27^- 


Shrinkaqe  Limit 


Trial  No 

Container  No 


Wt-Samole  Wet+Tare 

Wt-  Sample  Dry  -t-Tore 


WtWgte.r 


Tare  Container 


Wt-  of  Dry  Soil  Wo 


Moisture  Content  9^% 


Vol-  Container 

Dry  Soil  Pat  Vo 

Shrinkage  Vol-  V-Vo 


Shrinkage  Limit 


*S  -  -tor  (?^  x  ,0°) 


Description  of  Sample-. 


C.LAV  med>i o>rw  ^>\cx.^»-V»c- ^ 

r\o>^c^e-~V  gb~‘rr^cL.~Voye-  y- <2.  at\ 


mo-y-yi&<i 


i. 


\q  r  o\k  A.  - 


Remarks: 


8  9  10  15  20  25  30 

Number  of  Blows 


L2  132  .03 


3Ti« 


3JL9MA& 


^  MOiTAOQJ 


hTS3C 


3TAG 


_ _ 3JQ& 

MA(3!kSH037 


ATR38JA  >o  YTi3fl3VWU 

0Hm33l4!0H3  JIVIO  to  T^SG 

YH07AH08AJ  20IHAH03M  J108 

3TIMI J  0fl38fl3TTA 


timij  biupij 


\VV 


SPX&.£a 


±£. 


C  5.V 


PV  V 


\Poc.;e 


•  OW  I 


swol6  tc 


.oil  leniol 


aioT t  taW  algmoc 


£#«?£..£  i3 


A»£Sd  .S.P 


5.  v.pa 


sioT  +  yiQ  9lqmp< 


6  £93  A* 


?<=>?£ /& 


latoV 


£-Y-V»«>  Ye> 


isniptnoO 


x  5.  •  '  \ 


^  v  va>  o\ 


PS€-V  0\ 


lio8  yiQ  tc 


«\°ur  tnatnoO  aiuti 


timij  o  i  1 2  o  I  ^ 


oxzs.zi 


X&£  V  .\£ 


:v-f  ?:S 


■,pJl.JLfli3l. 


oH  laniotnop 


noT+taW  algmog  tW 


a  1C?  r,:  ;Q  QiqrnDc!  ty: 


latoW  tW 


laniotnoO  aioT 


lioS  yiQ  to  tW 


.<3:*  o\°  tnatnoO  aiutaioM 


tirn,  j  9po^nndg 


oH  l  oiiT 
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ai dT taW  at qmo8  -tWi 


eauloV  apoievA 
X  y.fj?  =pjs 
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"q1 
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aioT  +  yiO  algmog  tW 
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UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


PROJECT  T1s,t  T.^e. 

^3 

SITE  n  +  ^  4 

'44^  ^rrvg-vH.&.T- 

SAMPLE  S 

LOCATION  

HOLE  **3 

DEPTH  /S'. 

TECHNICIAN  ^  77. 

DATE  ///Q>/69 

Liquid  Limit 


Trial  No- 


No.  of  Blows 


21 


Z( o 


2  9 


Container  No- 


/fe> 


/  7 


)  S 


\L±L 


\U± 


V34> 


V2o 


V  7/ 


V  4-L> 


Wt-  Sample  Wet  +Ta r e 


S(o.  (oO  OJ 


9(0.  ^50 


S3  -  L(o  4- 3 


83,OZ(o3 


&9.9±>  70 


99.  94-74 


Wt-  Sample  Dry  -Hare 


6T9S  I  (o 


77-/98S 


7S.9  7  /Co 


6Z.774>7 


93.  42// 


Wt-  Water 


b.  /  43 


4.b434 


7-  03^7 


7  /8>Q4- 


Tore  Container 


tsT  4>4-4S 


79-6'o^-7 


47.  QSZ7 


4>£-  £•  7 ofa 


72. 0^-33 


S3.  7  23  7 


Wt-  of  Dry  Soil 


I  o-  3)4-1  2 


/o.  3449 


/O,  )  438 


/  o .  /  Q 


/o.  733  4 


9-4974- 


Moisture  Content 'll/0/® 


4  4./ 


43.7 


4®  7- 


44  •  7 


4,7-3 


Plastic  Limit 


T.rjq  I...N  Q-. 


Container  No- 


Wt-  Sample  Wet+Tore 


Sample  Dry+Tore 


Wt-  Water 


Tore  Container 


Wt-  of  Dry  Soil 


Moisture  Content  %  3cx4  3o.z 


/ 


j£. 


33.S9  88 


3Z.9£9o 


0.7398 


29.8903 


3.Q4S  7 


7 


33.3S&4 


37/55  4/ 


o.8oZ3 


29-90/4 


2.4S47 


// 


4-2  O2o7 


4-/.  3  5;  2 


O.L49S 


39./  0  42 


2.2450 


27-  8 


Shrinkage  Limit 


Trial  No 


Container  No- 


Wt- Sample  Wet -f  Tore 

Wt-  Sample  Dry  4-Tare 


Wq.tsr. 


Tore  Container 


Wt-  of  Dry  Soil  Wo 


Moisture  Content  -ur% 


Container 


Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  T4> 


2^5  =  -Ur 


(?w4  *  ,0°) 


Description  of  Sample; _ _ 

ClM.’-  Cjre~^,  l  f>-*  j  W  l  Cj  lr>|j 

- - - - — - - 


Remorks; 


9  10  15 

Number  of 


s  -r 

•  .  .  TOHUQfW 

ATFI38JA 

to  YTISR3VIMU 

3Ti8l 

£  *  3JCIMA8 

0HIR33HI0H3 

jivio  to  rqaa 

  kLOlTAOOJ 

VR0TAR08AJ 

3  01  MAH  03  M  JI08 

liv  HT^30 

•  _  3J0H 

STIMIJ 

0fl38F13TTA 

>  3TAG 

HAI01MH03T 

tim  i  J  biupij 


•  oH  I 

3W0I8  1c 

•  oM  T9niDl 

r so.£3 

9ioT  +  t9W  elqmoc 

»idT  +  viQ  slqmDc 

£~V  t  ^  .c> 

:asx  zs 

dtA-o .  i\ 

leniotnoO  9 

-v  €S.T  m 

82-V  V  ,0\ 

lio8  tpG  1c 

a* 

P  £o> 

o\°urtnstnoO  siute 

-  19  ~ 


UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  Tes-v  "Five..  "3 

SITE  l\4-'Hv-  AWE.  i  nfif+k  <S3TR fc.C.T. 

SAMPLE  •«  + 

location 

HOLE  *3  DEPTH  zo' 

TECHNICIAN  :p.  DATE;//9/S7 

Liquid  Limit 

Trial  No- 

- ...  1 

z. 

3 

/ 

Z 

3 

No.  of  Blows 

Z7 

Zb 

Z8 

/3 

/ 4 

/5 

Container  No. 

V3b 

V  4-1 

VZO 

V+k 

V  79 

V  7/ 

Wt- Sample  Wet+Tare 

©7.  /  47Z 

©b  .  ©b  &  ^ 

©S-7Z7b 

/O7.kko5 

9485  4/ 

89.  Z  7  7  3 

Wt-  Sample  Dry  +Tare 

el  l  i  +9 

©1.70-7  3 

79-b938 

4b.  bb  Zb 

4o.oo^z 

©3. ©578 

Wt-  Water 

b.  03Z  3 

5-Kolo 

fe.033B 

5-99  7? 

4.  ©  4-7  7 

5  -  4/  4  5 

Tare  Container 

4=7-  c>527 

b>9  •  b+4© 

GS.S7ob 

©5.7Z37 

79504.7 

7Z. 04-33 

Wt-  of  Dry  Soil 

/4.  ObZZ. 

/Z.  ObZS 

/4.  /  23Z 

/Z.  93  ©9 

/0.S0/5 

II.  0>l  4-8 

Moisture  Content  '\jj°/o 

4Z-? 

v-z.7 

4Z-7 

-4b.  3 

4b./ 

45. 8 

Plastic  Limit 


Tr.iq.L-N.Q- 


Container  No- 


Sample  Wet+Tare 


Wt-  Sample  Dry +Tore 


Wt-  Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content 
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Z9StJo3 
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i. 
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Tare  Container 
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Moisture  Content  w7« 


Vol.  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vq 


Shrinkage  Limit  "u/c 


M  =  ^  C^*'00) 
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UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


SAMPLE 

LOCATION 


JiflLE 


DEPTH  2  S' 


Container  No- 


4^0 


Tare  Container 


<13.773  3  8^9ooG 

8S  .  3  5  7  s 

4-.7  7J4-  <Az/ok 


7Z- oV-33  |G7.4>4AV-a 

/(a-  27 


io.fc, 


3a.  s 


3/7 


33 


3Z 


Average  Values 

3Z-Q  % 

lA/ps  — *>  •  ^  % 


Plastic  Limit 


Trial  No. 


Container  No- 


Wt-  Sample  Wet+Tore 
Wt-  Sample  Pry+Tore 


5-<o  % 


Wt-  Water 


Tore  Container 


fe-V-S  Wt-  of  Dry  Soil 


It  5_27£L 


Moisture  Content 


/ 


V- 


337/ Zk 


33.ZOZL> 


33.3313 


Q-S7£3 


3.4W  a 


/c=»-7 


32 .1 4^4 


O.y^QZ. 


8*903  Z7  9ai4 


Z-83  ?o 


/G>-2 


// 


VZ9397 


4^70/3 


&.S38V 


37/O^Z 


3-Z9S/ 


/<o-4 


Shrinkage  Limit 


Trial  No 


Container  No- 


Wt- Sample  Wet+Tare 


Wt-  Sample  Dry  +Tore 


Wt-Wgter 


Tore  Container 


Wt-of  Dry  Soil  W« 


Moisture  Content  -ur®/« 


Vol-  Container 

Vol-  Dry  Soil  Pat  Vo 

Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  'u/g 


lss  = 


(?sr- x  ,00) 


Description  of  Sample  _ _ 

G^fSC.1  /V—Tl 

C.oo-1  L  o  y-c^m  e.\  y /&%»€. y\.~V ;  i  otvv 

^lo^b-VlC.. 


Remarks; 
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UNIVERSITY  of  ALBERTA 

DEPT  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

TRi-AXIAL  COMPRESSION 

PROJECT  T6.iT  ?u e.  *3 

SITE 

.SAMPLE  *1 

LOCATION 

H.0LE_ DEPTH  £’ 

TECHNICIAN  P-K'.  DATE  ///u/< 9 

Machine  Dc 

Machine  Nc 
Multiplicati 
Wt-  Loading 

i t  a UMC.OW  FtN£.b  “r£«r. 

»-  °! 

< 

Description  of  Sample: 

— -  V\  \  q  V\  \  \/  1  vr\  cm  st" . 

on  Factor  *  So 

tiYon  .  AGQae-rV' 

Block  -t-  Piston  (gms.) 

- - - v  ! - 

SPECIMEN 

DATA 

Specimen  Number 

1 

2 

3 

4 

5 

6 

Lateral  Pressure  (97*  ) 

Lenq  t  h_ inches 

V-.S 

Are  a  T)i  rviY\.  =  \.i"  sa.cms. 

j4.4- 

Volume  cc.s. 

IS  7 

Dry  Unit  Weight  Ibs/cu- ft- 

//3.o 

Gs=  ‘Volume  Soil  Solids 

Wt-  Tare  +  Soil  ■+•  Water  at  start 

Wt- Tare  +  Soil  +  Wat er  at  end 

V-Q'A  o 

Wt-  Tare  +  Soil 

Number  and  weiaht  of  Tare 

2o.o 

Wt-  Soil 

28< o  -  o 

j 

Before 

Test 

Weight  of  water 

Moisture  content 

Deqree  of  s a turation 

After 

Test 

Wejght  of  water 

98-^ 

Moisture  content 

3«As  To 

Degree  of  saturation 

Load 

on 

Pan 

Di  a  1 
Rdg 

Strain 

Area 

OvnS. 

kymjcr* 

Load 

on 

Pan 

Dial 

Rdg 

Strain 

Area 

cr, 

Load 

on 

Pan 

Dial 

Rdg- 

Strain 

Area 

07 

o  9 

aiose. 

o 

/4-.4 

w 

•8592 

O.IOS 

/*A.  4- 

QI39 

8o 

•8SoA 

o.*>os 

I4-.46 

PZ78 

iZO 

-SifTCo 

o  (0.4-Z 

4- 

/VaO 

•8/  7S 

\.oa» 

C>  SS<^ 

0 

0 

I.SZ 

otez 

zAo 

-774-7 

2&Z 

/A7/ 

o.8j£ 

Z.8o 

-74-8  2 

o-S+S 

32  0 

•  72  /  Z 

a. 

/4?o 

/.Ol  s 

— 

3C=>0 

/^-  9  ? 

/.201 

4-00 

•  <bSz4- 

A8t 

/S/3 

/  3  2/ 

44-o 

5<e>4- 

16. 

/. 

(s-4-^r 

l6.<£ c> 

/  SS8> 

5Zo 

•SSo9 

7  za 

/S.'S  3 

J.<o  72 

SC=o 

i7 

CO 

00 

3 

8-74- 

16.7? 

111 

- J 

too 

.4-/  75* 

/  0-4- 

/<=»•/ 

/.  8(= 

•  2889 

A3-/€> 

/C.^o 

/.?3 

FMU 

LD 

‘  1 

/I 

ft 

. . 

-V — 

*br 

rr 

h 
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UNIVERSITY  of  ALBERTA 

DEPT  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 

PROJECT 

-SITE; n^Pwe  ^  i4-4^W 

SAMPLE  *z 

LOCATION 

HOLE  *3  DEPTH  /o 

TECHNICIAN_ DATE  //(ft/SR 

Machine  Do 

Machine  No 
Multiplicati 
Wt.  Loading 

ta:-  Ukconfined  “Tk 

sx- 

< 

Description  of  Sample-. 

me cLvovn  ~d  la s»"Vio  ~  -Virm. 

on  Factor  x.  So 

rvooogzV SfYro^-'Y ^rc.  'D  r'e.S.e-vcV  , 

Block  -+■  Piston  (gms) 

YAor'rV  \e.cL  Qv-e.sf  t  . 

ZJ  J  “  - 

SPECIMEN  DATA 

Specimen  Number 

1 

2 

3 

4 

5 

6 

Lateral  Pressure  (97*  ) 

Length  inches 

3  I  s 

Area  -- 1  4^'  sq.cms. 

993 

Volume  ccs- 

79-^ 

Dry  Unit  Weight  1  bs/cu- ft- 

93.^ 

Gs=  -Volume  Soil  Solids 

Wt-  Tare  +  Soil  +  Water  at  start 

Wt-  Tare  +■  Soil  +  Water  at  end 

/•?/.  3^ 

Wt*  Tare  +  Soil 

/  <Pr.  z  £ 

Number  and  weiaht  of  Tare 

3^73 

Wt-  Soil 

/Ift-SZ 

Before 

Test 

Weight  of  water 

Moisture  content 

Deqree  of  saturation 

Jj 

After 

Test 

Wejght  of  water 

V-2.07 

Moisture  content 

s&s. 

Degree  of  saturation 

Load 

on 

Pan 

Dial 

Rdg 

Syain 

Area 

Owl” 

L<;Tv4L>n 

Load 

on 

Pan 

Dial 

Rdg 

Strain 

Area 

<r« 

Load 

on 

Pan 

Dial 

Rdg- 

Strain 

Area 

<J7 

J  / 

Oo  mS 

73/S 

o 

9-93 

o 

•  729o 

o.oo  6 

493 

o/o/ 

So 

72  (oZ 

o.ol  7 

9.93 

o.2o2 

So 

72  So 

o.az.1 

443 

0.2^2 

/  oo> 

7/  7  9 

o.o  43 

9.43 

o.&o4- 

/So 

7ozS 

o.o9Z. 

4.93 

o.7SS 

ZOO 

o.\4-1 

4.4*- 

/-<=»! 

ZS  o 

(cSoo 
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UNIVERSITY  of  ALBERTA 
DEPT  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 


ERQJ  ECT  Te_s>t  Piue  _ 

SITE _ 1 1 S-rg.EL.e~r. 


SAMPLE  *  4. 


LOCATION 


-HOLE  *3 

TECHNICIAN  7-  kb 


DEPTH  ^ 


DATE 


Mochine  Dato:- 

Machine  No- _ 


U-NCQNfiK^p  Tusrf . 


Multiplication  Factor  fv 


Wt- Loading  Block  +  Piston  (gms). 


Description  of  Sample _ 

CLuPsilr  -plcx-sho  :3re^i 

yy\-c^v<g>~V  


SPECIMEN 


Specimen  Number 


DATA 


Lateral  Pressure  (m  ) 


Length 


inches 


4-.  o 


Area  'P^m.  -  i.fe'1  sq.cms. 


n<=..4- 


Volu  m  e 


c-  c-  s- 


Mot  S' 


Dry  Unit  Weight 


Ibs/cu-ft- 


85. 


Gss 


Volume  Soil  Solids 


Wt-  Tare  +  Soil  -h  Water  at  start 


Wt-  Tare  +  Soil  +  Water  at  end 


337.1^ 


Wt-  Tare  +  Soil 


zs%.  03. 


Number  and  weight  of  Tare 


3Q>. i4- 


Wt-  Soil 


ZZl-Zl 


Before 

Test 


Weight  of  water 


Moisture  content 


Degree  of  saturation 


After 

Test 


Weight  of  water 


s /  is 


Moisture  content 


35.7  % 


Load 

on 

Pan 

Di  a  1 
Rdg 

Strain 

Area 

c-vn” 

07  t 

&|H1  A->*1 

Load 

on 

Pan 

Dial 

Rdg 

Strain 

Area 

<r. 

Load 

on 

Pan 

Dial 

Rdg- 
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Area 
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UNIVERSITY  of  ALBERTA 

DEPT  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 

PROJECT  Test  Tile  *5 

SITE  1 1 4- f\v e .  t  !zyru.£  et. 

SAMPLE 

LOCATION 

HOLE_ DEPTH  Z-4 

TECHNICIAN  P^.  DATE  ///&/*? 

Machine  Data:-  UnCompime^ 

Description  of  SampJe; 

Machine  No-  °1 

^L^C!AAUTil.i_\-  dense  Qrevj, 

* 


Multiplication  Factor 
Wt- Loading  Block -h  Piston  (gms.). 


>  c^o<x\  j  pec^  q^y  <x^e.\ 


1px-e.se.i\~\  ^  ip  \0 srV1e  . 


SPECIMEN 


OATA 


Specimen  Number 

1 

2 

3 

4 

5 

6 

Lateral  Pressure  (rtf  ) 

Length  inches 

4-7S 

Area  'Dia.m.  -  i©»"  sq.cms. 

1^-4- 

Volume  ccs. 

l< i7-9 

Dry  Unit  Weight  Ibs/cu-ft- 

//(•  sV- 

Gss  -Volume  Soil  Solids 

Wt*  Tare  +  Soil  +  Water  at  start 

Wt-  Tore  +  Soil  +  Water  at  end 

<=>15. 99 

Wt*  Tare  +  Soil 

<olS  ©Z 

Number  and  weiaht  of  Tare 

2.4-7.9  2. 

Wt*  Soil 

3GS.9o 

Before 

Test 

Weight  of  water 

Moisture  content 

Degree  of  saturation 

After 

Test 

Wejght  of  water 

©o./7 

Moisture  content 

1  fc>  •  4-  /=> 

Degree  of  saturation 

Load 

on 

Pan 

Dial 

Rdg 

Strain 

Area 

Load 

on 

Pan 

Dial 

Rdg 

Strain 

Area 

<r. 

Load 

on 

Pan 

Dial 

Rdg* 

Strain 

Area 

61 

/  ' 

O  o/viS> 

•7©>7/ 
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/b-4 

0 

50 

•77/7 

0-320 

o.|£Z 

1  0-0 
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4-0o 

•  S3  4-6 

5^-0 

iWc 

|.|  *= 

Iz. 
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UNIVERSITY  of  ALBERTA 
DEPT  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 


PROJECT  ~Tw 


SITE  UJ-'L  flsic  L 


SAMPLE 


LOCATION 


HQ.LE. 


: 


TECHNICIAN 


DEPTH 


DATE  3/3<*/gy 


Mochine  Dato:- 

Machine  No- _ 


xjo  o 


Multiplication  Factor_ 

Wt- Loading  Block  •+•  Piston  Igms-). 


Description  of  Sample •• _ 

6v.^a A>1.  ,  \  Q\N  'V'g 


vrte i owy  ,  vy\o (. |  <3  <a.  w. 


^ o  rM&l  pwesevii 


SPECIMEN 


Specimen  Number 


DATA 


Lateral  Pressure  (07??  ) 


Length 


inches 


Area  1%  I  S,’ 

Volu  m  e 


sq.  cms. 


c  c-  s- 


J9/.5 


Dry  Unit  Weight 


Ibs/cu-ft- 


/3/Q 


Gss 


Volume  Soil  Solids 


Wt-  Tare  +  Soil  +  Water  at  start 


Wt-  Tore  +  Soil  +  Water 
Wt-  Tore 


at  end 


Soil 


^■80 


Number  and  weight  of  Tare 


30.70 


Wt-  Soil 


Before 

Test 


After 

Test 


^•OZ.lO 


Weight  of  water 


Moisture  content 


Degree  of  saturation 


Weight  of  water 


-SS.83 


Moisture  content 


b.7  % 


Degree  of  saturation 


Load 

on 

Pan 

Dial 

Rdg 

Strain 

Area 

C.ttC' 

err  x 

Load 

on 

Pan 

Dial 

Rdg- 

Strain 

Area 

<n 

Load 

on 

Pan 

Dial 

Rdg- 

Strain 

Area 
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UNIVERSITY  of  ALBERTA 

DEPT-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

MOISTURE  CONTENT 

PROJECT  Te.st  3 

SITE  l  1  ^.OE_  ^  f  J-u^'H^SrT«-t_e.T. 

-SAMPLE 

LOCATION 

HOLE  DEPTH 

TECHNICIAN  ^  kT .  DATE  /  //o/ 39 

Hole  No* 

5 

3 

3 

3 

3 

3 

Depth 

i'k' 

5’ 

7  4' 

> 

)o 

//  • 
IZ'z 

/5  ' 

Sample  No- 

f 

Z 

3 

Container  No- 

1  A  2-1 

1  All 

1  A  5  3 

1  Pul 

1  (Ml 

l  AZ7 

Wt*  Sample  Wet  t  Tare 

75.3^ 

ai. os 

I09.  1 1 

4,5.83 

Wt*  Sample  Drv  +  Tare 

55- 

Ll.io 

07-SZ 

84  3Z 

5Z  .41 

Wt- Water 

l  3  . 

/  4.  zo 

IS.  IS 

17.03 

z^.ll 

1  3.  ZZ 

Tare  Container 

11.  (ol 

1  7  <7-3 

l  7 

/  7-4-3 

1  7-43 

1 7  •  4»(o 

Wt-  of  Drv  Soil 

37.  (o7 

49<9C= 

54.89 

3495 

Moisture  Content  ur  0/0 

35. 

3z.to 

3<o^ 

39-4, 

37  0 

38  8 

Hole  No 

3 

3 

3 

3 

3 

3 

Depth 

1 1  '4 

zz  Vz/ 

/ 

Z5 

Z<o' 

t 

Z  7 

Sample  No- 

H- 

5 

Container  No 

)  (\  Z3 

1  <xz.7 

/  A35 

/  AZ7 

/  430 

73 

Wt  Sample  Wet-t*  Tore 

|o4-.88 

&S.S9 

IOZ.33 

75.57 

US  B  4" 

1 00.9Z 

Wt-  Sample  D/y  +  Tare 

60.  1 1 

7o.  l  3 

7  9.0(0 

4>4>-  9/ 

/  0; .  0 1 

9o.  55 

Wt- Water 

1  7 -44 

Z3Z7 

a  -4,  (0 

/4  3  3 

/  O  -  37 

Tare  Container 

1  1-Zl 

/  7- 4,8 

;  7.  7/ 

1  7.  klo 

/  7.5(o 

Z4-.SZ, 

Wt  of  Drv  Soil 

kz.9z 

SZ.47 

8 y  *35 

4-9.  z 5 

83.45 

4>4.Q3 

Moisture  Content  ur% 

37.3 

37./ 

3©o 

/  7  -  to 

/  7.Z 

ISJ 

Hole  No- 

3 

Depth 

So' 

Sample  No 

(0 

Container  No- 

7C 

Wt- Sample  Wet-t*  Tare 

/o/.©9 

Wt  Somple  Drv+Tare 

9Z4o 

Wt  Water 

<?.+<? 

Tare  Container 

Z45Z 

Wt-  of  Dry  Soil 

4,7.38 

Moisture  Content  u/% 

/  VrO 
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LABORATORY  TEST  RESULTS 


TEST  PILE  NO.  4 


-  38 


PROJECT  Test;  T.uE- 

4- 

SITE  114-^  fW  i 

1  44  Sb>T  V2.E F“T  . 

SAMPLE  *1 

LOCATION 

HOLE  **  + 

DEPTH  3' 

TECHNICIAN 

DATE  l/zi/ 59 

UNIVERSITY  of  ALBERTA 

DEP'T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


Liquid  Limit 


Trial  No- 


No.  of  Blows 


41 


Container  No- 


31 


4z 


/  8 


17 


V7I 


V35 


V  4) 


v79 


VZo 


Wt- Sample  WettTare 


B5.13Z 


979SZ1 


8^.065 1 


S4.o<7  85 


94.  3/  4o 


&/.  /  70(0 


Wt-  Sample  Dry  -1-Tare 


so .  o  s  54 


91  499  3 


75.  3505 


77-  2Q37 


e>7Z7Q7 


73.7/  3 S 


Wt-  Water 


k.57S7 


5.  4SZ© 


7-7Z5Z 


5  BB9S 


7-  <043  3 


7457 / 


Tare  Container 


7Z-  o433 


S3. 7Z  37 


57  QS  Z7 


59.  5446 


7  7-S  o  47 


5b- 59  05 


Wt-  of  Dry  Soil 


6-  Ql  3  I 


7-7755 


9-  3Q78 


7- £569 


77550 


S./ZZ9 


Moisture  Content  'u/% 


83-4 


S3-  / 


85.o 


9/  Z 


90.7 


9/7 


Average  Values 

©7  9  /q 


Plastic  Limit 


I-ti.al.JlQ-: 


Container  No- 


Wt-  Sample  Wet+Tore 


Sample  Dry -t-Tare 


Wt  Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  % 


1 


34.o9.Z5 


33.12Z7 


0.959  e 


Z9.B9o3 


3.Z4Z4 


Z9  5 


7 


3Z.544/ 


3Z.O/SO 


O.tzfcl 


Z9.9o/4 


Z.//L5 


Z.9-7 


// 


4Z.ZZS4 


4.507a 


o.7/75 


39-  /QfaZ 


7-  4^/ 5 


Z9.9 


Shrinkage  Limit 


Trial  No 


Container  No- 


Wt-Samole  Wet+Tare 


Wt  Sample  Dry  +Tare 
Wt  Water  


Tore  Container 


Wt-  of  Dry  Soil  Wo 


Moisture  Content 


Vol»  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  *u/s 


M  =  ^ 


C^sr- 11 ,0°) 


Description  of  Sample:  _ 

C.LPof:-  ki^Uy  m  o  1  4l.r»?L- 

w^c^e/t  vV  v-^'toY  ^re^esi. 


Remarks: 


9  10  15  20  25  30 

Number  of  Blows 


- .  >/.  - 


-a-iiT  rv?3  i  T03U099 

n  3  T  i  2 

3JSMA3 

HOlTAOOJ 

-£  HT93Q 

,,  +  ** ...  3J0H 

?.  3T AQ 

MAI0WH03T 

A7R38JA  to  YTI8JR3VIMU 

0Hm33MI0H3  JIVIO  to  1*930 

YR0TA808AJ  80IHAH03M  JI02 

STIMIJ  0FI38fl3TTA 


timij  biupij 


•  o  M  I  ( 


&\ 


G\ 


l-P 


3woI8  to 


ILL 


o»£V 


ILL 


•  oM  isnioti 


^c>  y\  aa 


O'V  \e 


aspo.4*e 


raso.^a 


is  a  p. vp 


SST.dG 


9ioT  t  taW  alqmpg 


■'SOS.  \  V 


.o)V 


€  PP-P .  IP 


4,«J  3  o .  os 


llll 


si dT f  yiQ  9lqmo3 


apaa  ^ 


sasy  v 


as 54' 


idtoW 


V  4*oa.?V 


Vs  5o  Vo> 


.SV 


isniotnoO  9’ 


paaa.v 


QTQ£  .? 


cjavrv 


1  £  l^>  a 


I  i o  3  yiQ  to 


LL 


s.\? 


o.£S 


\.aa 


-V  as 


o\°mt  tnstnoO  siutei 


ofiu::  Sc 


V  VS 


timij  o  i  t  s  o  I S 


a  P*?.o 


?  o pa  vs 


AM-IpLI.T 


•oM  isniotnoO 


sioT+teW  9iqmo8  tW 


aioTtyiQ  8lqmp3  -tW 


i9toW  tW 


isniotnoO  sioT 


liog  via  to  tW 


'■>  xz  o\°  tnatnoO  siuteioM 


timij  eportniirig 


ok!  I  pi'll 


89uloV  opoievA 

■-  fi  ra  r  r\jkT 


=q-Vtf 


»  AjT 


Z  -sas  --  qt 


v-ss 


JSS 


* 

»I 


oM  nsniptnoO 


jUPl-±laW-Plgig  a  g..t  Wi 


sidT-P  yiQ  dtqmog  tW 


■lataWJW. 


i9niotnoO  sipT 


oW  liog  via  to  tW 


,\0,w  tnetnoD  9iutaioM 


isniotnoO  >loV 


a 


oV  to9  liog  yiQ  »loV 


oV— V  JoV  9DP^niir1S 


timij  dpprtnhriS 


C001  *  ~w*D 


■\*J*  *  JoS 


_ 9lqmD8  to  noitqho?90 


:aXioms8 


4*) 


0* 


oe  es  os 

p  wo  18 


si  oi  e 

to  ledmuH 


8  V 


UNIVERSITY 

of 

A 1 PPDTA 

PROJECT  Tilst  Ti 

>e  *  4 

SITE  I 

*4-4^  Ami 

p  1 4-4+v-  S~t  g.e&~r . 

DEPT  of  CIVIL 

ENGINEERING 

SAMPLE  *2 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTFRPPRn 

1  IMITQ 

HOLE 

•d±.  <7, 

DEPTH  8>’ 

TECHNICIAN  DATE)/z<//59 

Liquid  Limit 

Trial  No- 

/ 

Z 

5 

I 

2 

3 

No-  of  Blows 

44 

43 

4-2 

lie, 

/  7 

/  (o 

Container  No- 

/ 

z 

A4 

A/Z 

V5o 

V  7  o 

Wt-Sample  WettTare 

88.  <o7  2  3 

9l.848o 

44.S9Z5 

88.83ZO 

98-4885 

97.64  7  5 

Wt-Sample  Dry -1-Tare 

8>z 

77  4L 

8>4.9  5  44 

87.37/2 

8.1  .  Z.88S 

9/.z9o5 

90.985/ 

Wt-  Water 

S-  8982 

8  .89  3(o 

7  22/3 

7-  2>835 

7./9S8 

8.  5&z4 

Tare  Container 

74.03  52 

74-.  98  2.8 

78 . S8o4 

7/.  35/4 

e>/66z5 

Sz./  483. 

Wt-  of  Dry  Soil 

3 

73  89 

9  99/8 

/o  ,e»/o& 

9-9/ 7/ 

9-  7  38>c> 

e>.8J88> 

Moisture  Content  *w% 

87-4 

87.o 

88.8 

74.  4 

73.8, 

7  4.7 

Plastic  Limit 


Trial-No- 


Container  No- 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry  4-Tare 


Wt  Water 


Tare  Container 


Wt-  of  Pry  Soil 


Moisture  Content  % 


/ 


/ 


5  /.8z4? 


So  (aO>’Q/ 


/• 


47 //So 


3.4-87/ 


29-4 


SZ.aotS 


5o%ISS 


/■/9/o 


48789/ 


4t>Z(c4 


zi>o 


47L3o4 


487544 


c>.878^> 


42.8Zt>4 


2  928o 


29-7 


Shrinkage  Limit 


Trial  No 


Container  No- 


Wt-Sample  Wet+Tare 


Wt-  Sample  Dry  4-Tare 


WQt$„L 


Tare  Container 


Wt-  of  Dry  Soil  Wo 


Moisture  Content  <ur% 


Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit 


V,  =  <*•  CV2- x  ,0°) 


Description  of  Sample^ 

^Icxsi 


-Ctrrm  s>~Vro<^to*' e- 

hv>ON>NtY\\s,K Qre-M\nc>^>V 


Remarks: 


TO  31*  OPS 

L *Ls*i  1  ■'  *"*>•  3 

S*  3jqWAg 

...   HOITAOOJ 

L  . .  H.I53Q 

™  *  3J0H 

3  TAG 

MAI01MHG3T 

ATA33JA  to  YTI8«3VIMU 

0MR33MI3H3  JIVIO  to  T'33a 
YflOTAJtOflA  J  20IHAH03M  JI03 

STiMU  0S3afl3TTA 


t'tnij  biupij 


Jli 


•  oH  h 


8W0IQ  to 


JliA. 


M 


•oM  isniDti 


——  '  ■■  ■■■ 


os<c).8a 


c  Xj.SV 


atoT t t»W  s [ ?mpg 


4»-4jap>«g 


r  r  • 


Mr'4  ••■’ 


-LissjL 


qidT  -fr  yi G  9|(^Tn3 

letoW 


laniotnoO  a 


.LgLi-i..  ft 


!io3  yiQ  to 


ox  c> 


oVur  tnatnoO  siutai 


v  ^  v  ••• 


tJPS 


■:um  &iso4 


timij  oil  80  IS 


JiM — LoiiX 


•oH  leniptnoD 


aioT+taW  alqmpg  tW 


oipTtViq  elqmoS  tW 


latoW  tW 


laniotnoO  sioT 


liog  v>0  to  tW 


o\°  tnatnoO  aiuteioM 


timij  epprinhrig 


oH  I  Pill 


o M  laniotnoO 


Aifll+tftW  alompg  tW 


aioT-P  yiq  alqmpg  tV/ 


jmJtnMLtW 


faniotnoO  aioT 


oW  lit  3  yiq  to»tW 


tnatnoO  aiuteio M 


taniotnoO  .  ioV 


oV  IdS  liog  yiq  »loy 


2s V  *loV  eoortnhflc 


timij  appriniiriS 


(ooi  *  ^  .  ja 


alqmpg  to  no’tqiioeaQ 


-  - ilSL„  ■  YfiJr.j.. 

--j.v  t  ?A.  a  .'*»•> 


- - 1:3  £0<  n 

ic?  .?  (x?  Ji  •"  '  t>  A  ‘ 


sihomafl 


oe  as  os  ei  oi  e  8  t 

ewoie  to  ladmuH 


-  90  - 


PROJECT  T^-r 

ue  ^  4 

SITE  L 

1  44^  5st  ii.e.t'r , 

$AMPLE  

LOCATION 

HOLE  *  + 

DEPTH  /*>' 

TECHNICIAN  71T 

DATE  //3c/«9 

UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


Li  a 


uid  Limit 


Trial  No- 


No.  of  Blows 


z4 


Container  No. 


z± 


z<® 


V2o 


Wt-  Sample  Wet+Tare 


V  7) 


V79 


&I-3S  41 


^11 


Wt- Sample  Dry -Hare 


7  SI  S  /  ( 


e,l.z^<o| 


as.  1 1 


Wt-  Water 


G.Zosz 


S.qo77 


(o  to31 


Tare  Container 


fe>S  SSofa 


7Z.Q4-33 


7S-  S^41 


Wt-  of  Dry  Soil 


?.fooo$ 


7ZQZ8 


I  o  -7.7.1 


Moisture  Content  ta/®/© 


(0*^(0 


(°4-.z 


W4-.  a 


Average  Values 

/Ur,= . 

1 

'U/’n=  . 

3  0 . 1  % 

P 

liA  “  . 

2p  v 

*>4-4  y* 

If  * 

If* 


Tore  Container 

Wt-  of  Pry  Soil 


Plastic  Limit 


Irig.i—No- 


Container  No- 


Wt-  Sample  Wet+Tare 


Wt-  Sample  Dry+Tore 


Wt  Water 


Moisture  Content 


% 


/ 


4 


iz.s4^>z 


a.  Bo7o 


Z9.BSOS 


Z-4>£  77 


33./7ko 


o-7e>7a 


z?.?q/  4 


$Zl4° 


19  £ 


iL 


44.41 


OC 


O 


/  ZOZo 


37./OL.Z 


f.  oz/  e> 


29.  Q 


Shrinkage  Limit 


Trial  No 


Container  No 


Wt- Sample  Wet+Tare 


Wt-  Sample  Dry  -f  Tare 


Wt-Wfltgr 


Tare  Container 


Wt-of  Dry  Soil  Wc 


a> 

♦- 

c 

o 

O 


<L> 

w. 

3 

to 

O 

2 


Moisture  Content  w®/a 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  Tc/g 


Description  of  Sample  _ 

CiM  Vuc^Klv/  J  yv\^\s>A  ^ 


Remarks: 


8  9  10  15  20  25  30 

Number  of  Blows 


40 


— 


. . 


"  3 Tic: 


m!.IA2iU 


3  T  A  0 


,3  Jim 


MAI01KH03T 


ATR38JA  to  YTI8H3VIHU 

0Hm33k1!0H3  JIVIO  to  T*93a 

YH0TAH08AJ  80IMAH03M  JI08 

STIMI J  0H38F13TTA 


timij  b  i  u  p  i  j 


.s£. 


-v»s 


•  oH  lc 


8woI8  to 


_ IJLkL- 


vvv 


•oM  i9niDtf 


pioT t  t9W  slqrnoS 


dioT -f  yiQ  slqmpS 


JJjLaLi. 


^  F 


:  Zc^l. .  -n 


latoW 


aS4»Q.SV 


isniDtnoO  9’ 


I » o 3  y>Q  to 


■£.±aL 


o\°urtfi9tno0  9iutei 


timij  oitsoiq 


g£2*..L 


•  .  .o  ■ 


JL£ 


’!  :V  f . 


'■■■  ;°vv> 


-  QS 


iflja  ijftiix 


■oM  isniotnoD 


gioT+taW  olqmoS  tW 


aioT+YiO  olgmor  tW 


T9tpW  tW 


igniotnoO  9ioT 


I io3  yiC3  to  tW 


tnatnoO  aiutzioM 


timij  gporinhrig 


oM  lohT 


29UloV  9PD19VA 


,  =  f'Uf 

X 

q  « 

.  8  2^ 

4 -4>£ 

6 

.  -  nt 

•*  * 
-8fl 

oM  naniotnoO 


^1Dl±-tj>W 3,Lq  m 


aioT-f  yiO  algmpg  tW 


JgtD.W.tW. 


laniptnoO  9ioT 


>W  I io 3  yiq  to  tW 


oVPAM-  tnatnoO  oiuteioM 


i9niptnoO  -loV 


oV  to8  lio8  yiQ  •loV 


oV-V  -loV  9DD<fliir13 


.  &  timij  9po ? 


(o°.  X  J^L)  -V*  = 


:9Sqmp8  to  noitqhosaQ 


.ti.4j.Jf'-?  v,Uiijf^ LdubU 


i J  j^LXg-, 


:2>hom&f} 


ot>  oe  es  os  ai  oi  e  8 

2woi8  to  lodmutf 


-  91  - 


PROJECT  Te«t  Piul 

^4- 

SITE  u+-*>  ftNf  L  1 

4-‘4-'nv  S>Ti2.e&T. 

.SAMPLE  =*f 

LOCATION 

HOLE  *4- 

DEPTH  /£>' 

TECHNICIAN 

DATE  z///s<? 

UNIVERSITY  of  ALBERTA 

DEP*T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


Liquid  Limit 


Trial  No- 


No.  of  Blows 


3Z 


Container  No. 


JL 


Id 


/b 


/  b> 


V3(o 


MV 


V 


V  V-/ 


V  79 


VZo 


Wt*  Sample  Wet+Tare 


ez./  7(o7 


.  *7  S  5  5 


/o/. 


79<Z 


9e>-73^3 


SZ.  590^ 


Wt-  Sample  Dry  4-Tare 


77  oo7<=> 


as.bai  i 


95-  (o7  9^ 


13JoSrz 


9/-S8o$ 


7bS(p77 


Wt-  Water 


S-MoSI 


b.074^ 


bZZ  7S 


s 


<b-S^58> 


b-  QZ3/ 


Tare  Container 


(o7-  QS  Z.7 


7Z.o<A33 


Q3.7Z  37 


79.So^7 


Wt-  of  Dry  Soil 


9.9SV-3 


■  <o37a 


II  -9£S7 


/o.  0/  </-<7 


/?-3Z?S 


/o-9  77/ 


Moisture  Content  u/% 


S/-9 


5ZE 


5Z-  <=> 


S£-Z 


55-  ^ 


55-  cs 


Plastic  Limit 


XiioJ-Jia: 


Container  No- 


Wt-  Sample  Wet+Tore 


Sample  Dry+Tore 


Wt-  Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content 


% 


/ 


33 .7 ‘As  7 


3Z.97b3 


o.  7(=7(o 


Z?.^9  03 


2<A8> 


2. 


33./ZZI 


2Z.tJ~7(o<z> 


Q-b4bJ 


Z9.9o/</ 


3-^Qbo  Z  S7  Ab> 


Z<A7 


// 


O.SSoz 


39,/QfaZ 


2.23  7? 


ZtA-Co 


Shrinkage  Limit 


Trial  No 


Container  No- 

Wt- Sample  Wet+Tare 

Wt-  Sample  Dry  -1-Tare 


Wt.Wfli.er. 


Tore  Container 


Wt-  of  Dry  Soil  Wc 


Moisture  Content 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit 


(ft 


"Vo-  x  IOO) 


Description  of  Sample-- _ 

Vm^VxI  j 


Remarks: 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


TQ3l0fi<t 

.  “  a  ;  \  v  :  ci  ^  '  -'•  •  •  v 

3118 

4*  3J9V1A8 

   KOITAQOJ. 

HTS30 

3J0H 

3TAC 

-  . . -- . -»■  ■  ■  . 

MAI0WH03T 

ATH38JA  to  YTI3fl3VIMU 

0Mm33HIDH3  JIVIO  to  1*930 
YflOTAflOSAJ  30IHAH03M  JI08 

2TIMIJ  0H38FI3TTA 


timij  b  i u  p  i  J 


•  oM  1 1 


d\ 


_ 


1L 


5E 


2woI8  to 


±1 X. 


Vv  r 


o>7  V 


jIVL 


jzLLL. 


•oM  isniDtf 


V?vt  aa 


aaar.pa 


r~>vi.xa 


'  • .  ~  ■  >  \ 


\y 


5*?Sc?.9T 


■>?W  ? 


1 1  Sc).  SB 


gTooTr 


oioT  +  taW  slgmog 
9ioT  +  yiq  alqmpg 


\?ro  ^ 


Jo52> 


-V-v To  ^ 


rp~n.a 


ietDW 


JoP>  'S  s 


.fc) 


r<g  srje 


tsniptnoO  8' 


\Y rf  .o' 


^71  £ 


V-V  \  o  o\ 


JLilg-tl 


arev  Vi 


a-Vap  fi 


iioS  yiQ  to 


Vaa 


5  a  a 


s.ss 


?  \a 


c\*urtnstnoO  9iutsi 


Vf  .u* 


^..eLVd 


v '.  s 


VSS\.E£ 


y\op.ps. 


timiJ  oit3ol9 


jL 


eo^-JE 


JTJT  .o 


Qd&<0£ 


Aid {.Bill 


•oH  isniotnoD 


eioTttaW  alqmog  tW 


aipTtVlQ  8lqrno3  tW 


19tPW  tW 


isniptnoO  9tdT 


i  io8  yiQ  to  tW 


0\°  tnatnoQ  aiutsioM 


timi  J  9po?inhri£ 


oM  loiiT 


oM  isniotnoO 


9.1Dl±i  ?.W  3  i  g  Hi  D  sLUtL 


9toT+ yiQ  slqmpS  tW 


JL3.tfiW.lW 


isniptnoO  aioT 


>W  lio8  yiQ  totW 


>\0,uMn8tnoD  eiutsioM 


i gniotnoO -Jo V 


oV  toS  lio8  yiQ  ‘loV 


oV-V  -loV  sportnnriS 


aV  timij  sppdnhriS, 


(oo.  x  «  j* 


_ _ 9lqmo8  to  ncitqh029G 

^lLU:v-  L.J. -:k A-i3 


r.?.;  7 


•  srfiomfeR 


05  as  os  ai  oi  e  8 

awolQ  to  ladmuM 


I 
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UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


PROJECT  Tm  V.ue  *4- _ 

SITE  114-^  Asp  14-4-"^  S-ft^eer- 

■SAMPLE 


LOCATION 


HOLE  'El 

TECHNICIAN  ?.  K~, 


DEPTH  2S 


DATE 


Liquid  Limit 


Trial  No- 


No.  of  Blows 


4-4- 


4-S 


ZJ 


Z/ 


/? 


Container  No. 


7  S^> 


>4  /Z 


Wt-  Sample  Wet  tTare 


97.9szl, 


09  /z 


9/- 71,74 


92.  b4&; 


BB-Q4Z7 


Wt-  Sample  Dry  4Tare 


S3  -4-7 (o(o 


92.  9Z(oZ 


8s.<47b4 


e>b.)%s 


S7.  32  fc.4- 


a.  z.  4B/  o 


Wt-  Water 


s.s/^4 


£.  ozl>4 


S.  39zs 


^•S7o9 


&3&U. 


g.Z<ol7 


Tare  Container 


&I.SS2-S 


B2  ./4%3 


74 03SZ 


7  4*.  9kZL> 


7b.  SlooV 


7/-  S£  /V- 


W t-  of  Dry  Soil 


Lhfjjzdd 


/Q  777  9 


//-  UH 


//.  23  37 


/  O  ■  7  Co  Co  o 


//.  /  Z  9(o 


Moisture  Content  Ti/0/© 


46/ 


44,. Z 


4-9.  <o 


4-7-4 


4-7.  ? 


Average  Values 
<W|=  4b.  7  % 


Ip  =  _ Z-Sif % 


Plastic  Limit 


I.ri.qJ N..Q- 


Contoiner  No- 


Wt-  Sample  Wet+Tore 


•  Sample  Dry+Tare  Sc>.4/B/ 


Wt-  Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  % 


/ 


/ 


S/.Oe.O(a 


O.(ot>zs 


4-7-II3Q 


20.0 


^/.4a^L 


gp.be>z£ 


46.4S93 


O.BOIol 


4L.7&9/ 


i.893  4 


47.3?  4& 


^2.2. 


ZQ.Z 


Shrinkage  Limit 


Trial  No 


Container  No- 


Sample  Wet+Tare 


Wt-  Sample  Dry  -t-Tare 


Water- 


Tare  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content  4^% 


Vo|.  Container  V 
Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit 


C*sr-  *  ,0°) 


Description  of  Sample: _ 

GefXCi  ixi/Tl\a-V  m<s.<diovy\  "pl^vVic 


cL e, y\ s e.  c^rev  in  Lo^-1 — 

7^  r  \eX"\  ^  r*\o\sZi^. 


Remarks: 


9  10  15  20  25  30 

Number  of  Blow9 


I - roaioaq' 


3  J9MAS 

WOlTAOO  1 

. 'd  HT^aa 

3J0H 

. .  ..STAQ 

MAI01MH03  . 

ATA38JA  ?o  YTISFIBVIMU 
0Hi?133Mi0H3  JIVIO  to  -Tfcl3a 
YflQTAflOSAJ  80IHAH03M  JI08 

2TIMIJ  0H38FI3TTA 


jL 

•on  ii 

- 

LS 

2wol8  to 

• 

•oM  T9niot( 

-  *  ... 

sidT  +  t9W  SlqfDDS 

•  ••  tn.  m 

si  dT  t-  viO  alamos 

1 9  toW 

- 

.S.wv 

C-S88.I4: 

leniotnoD  91 

oJJV.. 

Vtls-w 

lioS  yiQ  to 

•  3-¥ 

o\°\jlt  tnstnoO  aiutei 

dt 


—a£ 


'  j  '..  ^a  'Z 


i mu± 


-9VV 


£Sc>o>.0 


VZat.l 
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UNIVERSITY  of  ALBERTA 
DEPT  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 


PROJECT  Te^-r  *4- _ 

SITE  n4-~*^flW  4  10-4^  SnZZ 


SAMPLE 


SL 


LOCATION 


HOLE  *4- 

TECHNICIAN 


DEPTH  3' 


DATE  lli^lSf 


Mochine  Data;- 

Machine  No- _ 


ONCONyiMPD  Tg.sq  . 


Multiplication  Factor  -i  S 


Description  of  Sample 


Wt- Loading  Block  ■+•  Piston  (gms). 


^.\r^y\  i  sT^r^crt'ore,  |>re-S£n^ 


SPECIMEN 


Specimen  Number 


DATA 


Lateral  Pressure  (07*  ) 


Length 


inches 


V-.5 


Area  YDiAr/x-  =  19”  sa-cms. 
Volume  c  c.  s- 


\Q>M- 


2/0.0 


Dry  Unit  Weight 


Ibs/cu-ft- 


82  2 


Gs= 


Volume  Soil  Solids 


Wt-  Tare  +  Soil  +  Water  at  start 


Wt-  Tore  +  Soil  +  Water  at  end 


blio-3& 


wt.  Tare  +  Soil 


Szc=>-S4- 


Number  and  weight  of  Tare 


Wt-  Soil 


Zlk.Sfe 


Before 

Test 


After 

Test 


Weight  of  water 


Moisture  content 


Degree  of  saturation 
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Moisture  content 
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Degree  of  saturation 
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Strain 
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c-m” 

wi/oi 

Load 

on 

Pan 

Dial 

Rdg 

Strain 

Area 
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UNIVERSITY  of  ALBERTA 
DEPT  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

TRl-AXIAL  COMPRESSION 


PROJECT  Telstt 


SITE  iXoe.  4,  14-4^-  5Vree.er  . 


MMPLL 


LOCATION 


iiQLE 


3^4- 


TECHNICIAN  r?.jC. 


DEPTH 

DATE  ///o/59 


Machine  Data:- 
Machine  No- _ 


=F 


Multiplication  Factor  V.  5<o> 


Description  of  Sample _ 

,  yy\o\s>~V1  4>roiJ 


Wt- Loading  Block  •+•  Piston  (gms). 


noc|Q&t  S~V rc^c/V-or  <5.  ^>rc  s<ay\A  . 


SPECIMEN 


Specimen  Number 


DATA 


Lateral  Pressure  (07??  ) 


Length 


inches 


JLL 


Area  T?i <\rA.  =  I  S"  sa.cms. 


/a.  </- 


Volum  e 


c-  c-  s- 


mJL 


Dry  Unit  Weight 


Ibs/cu-ft- 


©o.  o 


Gss 


•Volume  Soil  Solids 


Wt- Tare  +  Soil -h  Woter  at  start 


Wt-  Tore  +  Soil  +  Water  at  end 


Wt-  Tare  +  Soil 


5^1 .  73 


Number  and  weight  of  Tare 


z<Pi  .Jz 


Wt-  Soil 


Z8f.  ej 


Before 

Test 


Weight  of  water 


Moisture  content 


Degree  of  saturation 


After 

Test 


Weight  of  water 


/  Q3fa5 


Moisture  content 


3k-e% 


Degree  of  saturation 


Load 

on 

Pan 

Dial 

Rdg 

Strain 

t- 

Area 

o»n 

or  t 

fca»r»/o*i 

Load 

on 

Pan 

Dial 

Rdg 

Strain 

Area 

<n 

Load 

on 

Pan 

Dial 

Rdg- 

Strain 

Area 
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UNIVERSITY  of  ALBERTA 

DEPT  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 

PROJECT -Te.-5.-r  *</- 

SITE  1  1  e  £.  1 4-4-^  • 

SAMPLE  =**-5 

LOCATION 

HOLE  DEPTH  /A' 

TECHNICIAN  DATE  l/la/g? 

Machine  Data:-  Uh»c.or*F»i>ie_r*~Ye_sn\ 

( 

Description  of  Sample: 

Machine  No 
Multiplicati 
Wt-  Loading 

on  Factor  7- 

- j - T  | - 3 - - -  1  3 - 

Block  +  Piston  (qms.) 

SPECIMEN  DATA 

Specimen  Number 

l 

2 

3 

4 

5 

6 

Lateral  Pressure  (on?  ) 

Length  inches 

Area  TDr  Ann.  =  I -S"  sq.cms. 

i%.  4- 

Volume  ccs. 

Dry  Unit  Weight  Ibs/cu-ft- 

77.S 

Gss  -Volume  Soil  Solids 

Wt-  Tare  +  Soil  +  Water  at  start 

Wt-  Tare  +  Soil  +  Water  at  end 

f/5.88 

Wt*  Tare  +  Soil 

Number  and  weiaht  of  Tare 

So  .7 

Wt-  Soil 

ZlS.Q>& 

Before 

Test 

Weight  of  water 

Moisture  content 

Degree  of  saturation 

After 

Test 

Wejght  of  water 

lOS-Oto 

Moisture  content 

37. 

Degree  of  saturation 

Load 

on 

Pan 

Dial 

Rdg 

Strain 

7- 

Area 

T- 

C.vv\ 

07  , 

Load 

on 

Pan 

Dial 

Rdg 

Strain 

Area 

<r. 

Load 

on 

Pan 

Dial 

Rdg- 

Strain 

Area 

61 
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O  q  no 
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O 

5o 

01  S& 
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2  7  5" 

/6.7 
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UNIVERSITY  of  ALBERTA 
DEPT  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 


Machine  Data;- 

Machine  No- _ 


Multiplication  Factor  v  SO 


Wt- Loading  Block  •+•  Piston  (gms). 


g55jECT 


SITE  L  \4-4^  Syr 


SAMPLE 


JjL 


LOCATION 


HQLE 


4- 


IECHN1CIAN 


DEPTH  J& 


DA1£/  7/y/s? 


Description  of  Sampje; _ _ _ 


vy>o\s.~t 


L£L 


d<^>\ 


SPECIMEN 


Specimen  Number 


DATA 


Lateral  Pressure  (<n*  ) 


Length 


inches 


4t8 


Area  T)i  p.ia. -- J.fe'  sq.cms. 


/6>  4- 


Volu m  e 


c  c-  s- 


2oo.c, 


Dry  Unit  Weight 


Ibs/cu-ft- 


82.?. 


Gs= 


Volume  Soil  Solids 


Wt-  Tare  +  Soil  4-  Water  at  start 


Wt-  Tare  +  Soil  +  Water  at  end 


GISZ  7 


W t«  Tore  ■+■  Soil 


5  (3.43 


Number  and  weight  of  Tare 


z+ldl 


Wt-  Soil 


26  3 44 


Before 

Test 


Weight  of  water 


Moisture  content 


Degree  of  saturation 


After 

Test 


Wejght  of  water 


/oi  -?4 


Moisture  content 


i  y< 


Degree  of  saturation 


Load 

on 

Pan 

Dial 

Rdg 

Strain 

fo 

Area 

C-m' 

tv?  w/on 

Load 

on 

Pan 

Dial 

Rdg 

Strain 

Area 

<r« 

Load 

on 

Pan 

Dial 

Rdg- 

Strain 

Area 

61 

Oqms 

-7-2  6,2 

o 

/s  4 

o 

50 

680*1 

o'?  43 

ic.ss 

c>./<>! 

1  oa 

6,335 

/-^ 

/b-7Z 

o.Z'iR 

ISO 

•5780 

5.0^ 

0.+-44 

Z  <^c> 

S/9Z 

St3 

cxS75  . 

25^ 

-4455 

5SS 

/7.4 

0.72 

R  OC, 

34-/ 2 

e>.o4 

/7.7 

oe>4 

35c^ 
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x> 

r— 

t 

j 
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UNIVERSITY  of  ALBERTA 
DEPT-  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 


PROJECTTej,-r 

CITC  hiL"^  r\  .1 


SITE  li^^-Aue.  p  S>-ft-fcrg 


SAMPLE 


LOCATION 


HOLE 


DEPTH  ^3 


TECHNICIAN  1>. ^  DAT  E  /  /  /zJsj 


Mochine  Dota:- 

Machine  No- _ 


UNc.oHFm£D  Tesr^. 


Description  of  Somple 


Y-  So 


Multiplication  Factor. 

Wt- Loading  Block  +  Piston  (gms-). 


^v-^iAl.  SiVVv  I  O  HY\ 

■hvgW  ^>\a.sYic,t'Vy  J  moisi  j  jre^ 

j  ycwe.1 


SPECIMEN 


Specimen  Number 


DATA 


Lateral  Pressure  [Tra  ) 


Length 


inches 


4r3 


Area  T),A^:i.es"  sg.cms. 


/  7-  */- 


Volume 


c-  c-  s- 


/97-£ 


Dry  Unit  Weight 


Ibs/cu-ft- 


//Q-  Q 


Gss 


•Volume  Soil  Solids 


Wt-  Tare  ±  Soil  ■+•  Water  at  start 


Wt-  Tore  +  Soil+  Water  at  end 


Wt-  Tore  +  Soil 


37&.  6/ 


Number  and  weight  of  Tare 


3Q 


Wt-  Soil 


3  47.  &>Z 


Before 

Test 


Weight  of  water 


Moisture  content 


Degree  of  s a tu ration 


After 

Test 


Weight  of  water 


LZ-+& 


Moisture  content 


1  6.  O 


Degree  of  saturation 


Load 

on 

Pan 

Dial 

Rdg 

Strain 

7~ 

Area 

c m" 

07 

Load 

on 

Pan 

Dial 

Rdg 

Strain 

Area 

<r« 

Load 

on 

Pan 

Dial 

Rdg- 

Strain 

Area 

<rr 

/  / 

o 

o 

IT- 4- 

o 

5^ 

•97  36 

0.534 

n%\ 

o./4i 

/c>o 

■9S4£ 

o-9B| 

n-SB 

o.izi 

/£o 

/.S7I 

l7-?o 

o.4z4 

2c>o 

&e><o£ 

Z  666 

i7.Be 

o-669 

e4i/ 

O.b'TZ 

•7S,4o 

4  99^ 

ife.ii 

O.fe2o 

2>  So 

•  ^70 

<=>•96 

le-io 

O.Rilo 

SO<oO 

/i. 4-0 

U.fe-6 

/■  Ol 

IS. 76 

IJZ 

Soa 

■3I3Z 

IS-9 

2^-7 

1.2.1 

56<o 

FA)  \E 

,o. 

J 

- -  . 

j 

_ 

1 

I 

- - -4 
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- 
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J 

r - 

/ 
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— — -—a 
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t 

i 

-rr 
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_ _i__ _ aui 


_ _ _ stqmoC-  Vo  noitgiiogaq 

*■  .  ■■.j.:...-.  ..  .  , .  :  .JSJ.  .... _ i - . ~*~- 


JJ3MA& 


MOITAQOJ 


3J0H 

HAI0IMHQ3T 


-r 


juLb  l^LSf - — m 


■i-JU  :'S.  — - '  - 


± 


w  V-'-i.. 


ATFI38JA  to  YTI383VIMU 
0l/!lfl33HIOH3  J1VI0  toTS3CJ 
Yfi0TAfl08AJ  80MAH03M  JI03 

MOISSB^MOO  JAiXA-lflT 


SL 


-:ptoQ  anirtooN' 

_ oM  sniriooN 


—  _ i o t o o 3  noitooilqitluf^ 


.(.amp)  notai^  ■+*  Xoo!8  pnibooJtY 


3 

e 

a 

£ 

S 

1 

ledmuM  nsmiosoS 
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aadoni  rltpnaJ 
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.2.0.0  smuloV 

-tV  uo\edl  tripisW  tinU  viO 

abiloS  UoS  smuloV*  sg0 

tiota  tb  latpW  •+  <io8  *  QTQl-t-W 

..  .  .  

bns  to  1 9 toW  +  iioS  +  sioT  tW 

 liog ..th.AlP.L3W. 

W-OS. 

s i d T  to  tripiaw  bno  isdmuM 

'■  t 

1  i 00  tW 

latow  to  trip! 9W 

8 lots  a 

t29T 

tnstnoo  9'totaioM 

noitoiutoa  to  ssioaQ 

19 tow  to  trip  1.9 W 

19ttA 

tasT 

rA  £>.BI 

tnstnoo  aiutaioM 

noitoiutos  to  9 si p sG 

TT> 


D9lA 


niDitS 


•pbH 


no 

noS 


ro 


O  91 A 


nioitS 


BbF! 


no 

noa 


TO 


ms. 


\$i-a 


U.2-1 


^JV Q 
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9..S&S 


&JSLA 


,511 
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09lA 
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UNIVERSITY  of  ALBERTA 

DEPT  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 

PROJECT  Tes.-r  Pm-e  **  -T 

SITE  ^ 

SAMPLE 

LOCATION 

HOLE  DEPTH  ZS' . 

TECHNICIAN  T?  X! .  DATE  Zl ! 

Machine  Data:-  TiE-Ssrr. 

Descript 

on  of  S 

1  •/*  /  ■  ■ 

ample : 

Machine  Nc 
Multiplicati 
Wt.  Loading 

i.  M 

[aLA>C.i 

>  dense  av-e.vi 

on  Factor 

meciiom  T31o.s.Ticl  sa-ndv.  cloclT 

Block  -+*  Piston  (gms) 

;  t- — — ~ — d - TT3 - 

e,  TJg-cx.  qrocvei  <n  . 

— : — r  i 

SPECIMEN  DATA 

Specimen  Number 

l 

2 

3 

4 

5 

6 

Lateral  Pressure  Ktth  ) 

Length  inches 

3.S 

Area  X)i  ixrn.  s  i.e»"  sa.cms. 

lfc».  <4- 

Volume  ccs. 

1  5S.Z 

Dry  Unit  Weight  Ibs/cu-ft- 

1  IO  .O 

Gs=  -Volume  Soil  Solids 

Wt-  Tare  +  Soil  ■+■  Water  at  start 

Wt-  Tare  +  Soil  +  Water  at  end 

3&^I7 

Wt-  Tare  +  Soil 

32.733 

Number  and  weiaht  of  Tare 

+B.J3 

Wt-  Soil 

Z7  7-ZO 

Before 

Test 

Weight  of  water 

Moisture  content 

Degree  of  saturation 

After 

Test 

Weight  of  water 

52 

Moisture  content 

IS>  ci  % 

Degree  of  saturation 

Load 

on 

Pan 

Dial 

Rdg 

Styiin 

Area 

,  <r 
Mml 

Load 

on 

Pan 

Dial 

Rdg- 

Strain 

Area 

<51 

Load 

on 

Pan 

Dial 

Rdg- 

Strain 

Area 

si 

Oqi»| 

Z  J 

6^ 

©75Z 

1  cyc> 

a^c,s 

1 5o 

•7ZSo 

Zao 

•<L3Z? 

A 

/ 

Sim 

/ 

3  oo 

fAile 

p. 

T 

_ j 

 i 

i 

J 

□ 

i 

5 

— . — J - 

_ 

_ _ j 

-■  . 

L- - 

_ 

J 
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sL. 2iaMM 


3Tie 
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.maafl. 
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3JJ3.H 
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signs  C  to  noitgiioeaQ 


 '££. 
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AT  A  Q 
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9  m  ulo  V 
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tripisW  tinU  yiQ 


ebiloS  1  i o S  omuloV 


=  83 
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I i o2  tW 


i  9  to w  to  tdpi&W 


tnetnoo  siutgioM 


noitPiutpe  to  ssipsQ 


istow  to  tripioW 


tnetnoo  eiutgioM 


noitpiutoe  to  eeipsO 


moteS 

teeT 


19ttA 

tesT 


Tb 


09lA 


nioitS 


I  D  i  Q 
•pbfl 


booj 

no 

no*? 
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D  91 A 


nioit3 


I  o  i  Q 
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no 
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sJlsz 
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oeiA 


nipitS 

«»  V 


ipia 
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no 
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UNIVERSITY  of  ALBERTA 

DEPT-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

MOISTURE  CONTENT 

PROJECT  Te-st  7Vf=  =**</-. 

SITE  L  I +4^  ^TR£eT  , 

SAMPLE 

LOCATION 

HOLE  ^4- DEPTH 

TECHNICIAN  DATE  llz/si 

Hole  fJo* 

f 

4 

4 

4 

4 

4- 

Depth 

f 

5 

s’ 

e/ 

/o' 

13 

/ 

IS 

Sample  No- 

1 

z 

3 

Container  No- 

li\z  7 

mz  3 

IPK  27 

lf\SS 

/AS8 

J/\£3 

Wt-  Sample  Wet  t  Tare 

54  4& 

ai.<oj 

83.Z.7 

B <?.  44 

58  9/ 

&Z.Z7 

Wt- Sample  Drv  -t-Tare 

<4-4.  77 

85  .58 

5o8J 

8?.Sf 

4-8  ■  c^i 

84&B 

Wt- Water 

1  8-83 

/Z.4<=> 

/  7.70 

/  0  .7  0 

/  7  37 

Tare  Container 

n.wi 

(7.27 

1  7.8  7 

17.7/ 

1  7.  38 

/  7  55 

Wt-  of  Drv  Soil 

Z1A2. 

f8-3J 

33- If 

S/.&3 

£8-83 

47-3  3 

Moisture  Content  ur  % 

2>s-7 

33.  Z 

37.8 

3S5 

sa>i 

3(&  8 

hiOl.g.  NO  

4 

4 

4 

4 

depth 

/&' 

f 

z  s 

zs' 

Sample  No- 

4 

5 

(0 

Container  No 

/  AZ7 

mn 

/  A  87 

/  A6(c 

Wt  Sample  Wet-r  Tore 

58  Z8 

78. 35 

/o  3. So 

55.35 

Wt-  Sample  D/y  +  Tare 

4-S  -V 

IS.Z^ 

70.07 

f  7.88 

Wt- Water 

1  0.37 

21  IS 

13.13 

£  fa<? 

Tore  Container 

1  7-  87 

1  7. 43 

V-0.8/ 

/  7.  3S 

Wt  of  Dry  Soil 

Z8»Z4 

57-7  7 

ff.f8 

3  Z  Z& 

Moisture  Content  ar% 

38-  4 

38.  8 

2  7-8 

!  7 8 

Hole  No- 

Depth 

Sample  No 

Container  No- 

Wt- Sample  Wet -t-  Tare 

Wt  Sample  Drv+Tare 

Wt  Water 

Tare  Container 

Wt-  of  Dry  Soil 

Moisture  Content  uy% 

Rftmnrks: 

T0310RS 

v  -V -L<J^  7  T^- '  w-t 

■ 3T>e 

3J 

KOITAOOJ 

HTS3Q 

3JOH 

UAL. 

HAI0IMH03T 

ATFG8JA  to  YTI2H3VIHU 

oniH33 hidh3  jivio  to  rqsa 

YflOTAHOSAJ  SOiMAHOBM  JI02 

TM3THOO  3RUieiOM 
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•oH  giqm? 


fZA\ 


>><SA\ 
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V\S<£d> 
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letoWt 
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•  V8S 


l£  S-V 
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\  aa 


a.aa 


sea 


Ya<5 


£'  ^  tnotnoO  o^utcic 
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4* 
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osar 
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V£  O  i 


T9foW  t 


\c^  O  r 
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4>S*8S, 
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ci.Y  \ 


c).  C>£. 


4> -<Z£ 


o\°mq  tnotnoO  oiutaic 


•oM  al( 


rttqi 


o!4  alqmc 


•qH  ionic  tnc 


aipT  t-toW  plgmcS  t 
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istoW  t 
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LABORATORY  TEST  RESULTS 


TEST  PILE  NO.  5 
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UNIVERSITY  of 

ALBERTA 

PROJECT  -Te.-i.-v  TVs, 

-A  £ 

SITE  i 

/  4-  ^.^.T  - 

DEP’T  of  CIVIL 

ENGINEERING 

SAMPLE  -M 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

HOLE  =*  e 

DEPTH  ^ 

TECHNICIAN  AA. 

DATE  ;/7/S?„  , 

Liquid  Limit 


Trial  No- 


No.  of  Blows 


yL-o 


V7 


/S 


/*£ 


jjL. 


Container  No- 


\Z  4-1 


V  ‘/-'o 


MIS 


\Z  Z<2> 


M  7/ 


Wt-  Sample  Wet  tTare 


SZ.OIZO 


3^73 


77-  4-3JZ, 


73.sa&s 


1  7  ■  4-7  9  Q 


Q.<o.Z.^>Wf 


Wt-  Sample  Dry  -Hare 


7SSS3o 


77  7  70S 


7  Z.L7S1 


S'o.SS  I 


7^.^  5,2.1 


7 


Wt-  Water 


G-33Cofe 


<a.73(»| 


k  7>7  17 


<>■^3 


t.tb4-5 


Tare  Container 


^7.QS27 


tTt44& 


e>^>.72-37 


77.S04-7 


(oS.  57 


72-0^33 


Wt-  of  Dry  Soil 


8S003 


e>  szS7 


8  77  1 


7.^eco^ 


7.  3^2/ 


7.678? 


Moisture  Content  it/% 


7<o  ■  ^ 


Zk^. 


7S3 


e>e>.  z 


<s>e  <■/- 


fiQ  <s> 


Plastic  Limit 


Trial  No- 


Container  No- 


Wt-  Sample  Wet+Tore 


Wt-  Sample  DryfTare 


Wt  Wafer 


Tore  Container 


Wt-  of  Dry  Soil 


Moisture  Content 


% 


/ 


32 .7  <3-7/ 


3Z.J379 


Q.b2?Z 


3..?.-£.lS2 


2,7.7 


32  .Sb^ 


Q-7/^2. 


Z.2L7^  Zb6 7o 


.ZZL 


/; 


‘/z.3370 


0.to8^>-S 


2?.?o/^3?./ob2 


26^3 


Z7-I 


Shrinkage  Limit 


Trial  No 


Container  No 


Wt- Sample  Wet -1-Tare 


Wt-  Sample  Dry  H-Tare 


Wt  Water 


Tare  Container 


Wt-  of  Dry  Soil  Wo 


Moisture  Content  w,7< 


Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit 


*s  =  ^  (?*r- *  10°) 


1 


i  r  ^ 


Description  of  Sample-- _ 

.  - 


Remorks: 


TOBUOHq 

i  ,4  .  i  3TI8 

. i“  BJSMAe 

 WOITAOOJ 

-  HT330 

e  *■  3 JOH 

3TAQ  . 

HAI0IMH03T 

ATR38JA  to  YTIS83VIHU 

oumaaniona  jivio  to  rsaa 

Yfl0TAfl08AJ  20IMAH03M  JI08 
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AL 
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4* 


ivsr.u 


S  -'ScJ.a 


r.r^ 


■■aiL.lJBi.il 


•oH  I9niotno0 


oioT+toW  9lqmo8  -tW 


9ipTt YtQ  9lqmo8  tW 


19tPW  tW 


TiniptnoO  oioT 


iio8  yiQ  to  tW 
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timij  gpp^niiftg 
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**  S 

SITE  u4--<  T 

4-,+-"+L  ^rn2e tTT . 

SAMPLE 

LOCATION 

HOLE  =*-S. 

DEPTH  <=>' 

TECHNICIAN  -A  L. 

DATE  1)  US9 

UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


Liquid  Limit 


Trial  No- 


No.  of  Blows 


AL 


3  o 


/[ 


// 


JZ 


Container  No. 


/ 


AiL 


ft  !Z 


Wt-  Sample  Wet  t Tare 


9^.  574>b 


<?/.  QS  /  g> 


87-2^7  0 


?Q.?(o/0 


Wt- Sample  Dry-hTare 


82.S97S 


^•3/7  7 


^>2  ■  o7  I 


8?.  <o88»<<= 


Wt-  Water 


5./ 


3LLA2JL. 


s'-  /  7<o  7 


<b-  77,32 


e>.z  7z^A 


Tare  Container 


74/--,Q3S^. 


8/ 


7fe.Sbo</ 


LhJSLLL. 


8  z./<te>2 


Wt-  of  Dry  Soil 


e.Sfc«A3 


7.&$<ot 


8-  7  5  9  3 


7-/Q7^ 


7.C=,og>/ 


//•33.ZS. 


Moisture  Content 'u/*/© 


(oVo.O 


<^S-7 


-  2 


73.  2 


7.ZJ. 


7  3-  o 


Plastic  Limit 


Trial  No- 


Container  No- 


Sample  Wet+Tore 


Wt-  Sample  Dry iTare 


Wt-  Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  % 


L 


±- 


4-7.90  7$ 


7-9. 2  74-$ 


o.  (o  y  3  o 


^7- //.jo 


2&.I 


So.  5  7/3 


47.7^0 


^o.7^7/ 


,?  fe.il 


2l2 


&.Q?7h 


L-Z/l  ‘ft 


o.b8<o2 


4-3. 821, 


z<S-7 


Shrinkage  Limit 


Trial  No 


Container  No 


Sample  Wet+Tare 


Wt-  Sample  Dry  -t-Tare 


Wt- Water 


Tare  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content  4*7% 


.  Container 


Voi-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vq 


Shrinkage  Limit  7*/g 


m  *  ,0°) 


Description  of  Sample  _ __ _ 

Clp^V1.-  _ 

hrovj^y\\\>k  '  ^ 

KNC|oe.i  s.~Vroc-iroTo  ^r-e,S<^vcL...-. 

Remarks: _ _ _ _ _ _ _ — 


. . *  1'0  •  ‘V- 

X---  -H 

3  r is 

5^  3J9MA8 

MOITAOOJ 

.?  HTS30 

3J0H 

M  V  3TAQ 

MAI0I^HO3T 

AT838JA  fo  YTIS83VIMU 

3MIR33HI0H3  _l  I V 1 0  to  T'qSQ 

YflOTAHOSAJ  20IMAH03M  JI08 

2TIMIJ  0838FI3TTA 


timij  biu  p  i  J 


•j&i 


-oH  lo 


j2JL 


ewolQ  to 


JS^L 


JL 


•oM  'taniotn 


aioT +  teW  alqmog 


81dT f  yiq  slqrppg 


JJLILjL 


?  cJ?  ■  C 


■xLg£--jL£. 


iatoW 


\& 


5 


lgniPtnoO  si 


JSiLtAL 


.  ■-££.*  JL 


g  V  °  \  -V 


AilMa . 


a 


I io 3  yiQ  to 


©V^ur  tnatnoO  aiutai 


\\$<h 


?imiJ  o  ?  1 2  o  I S 


...  ;■  •"  , 


'sA$±7> 


Ui. 


:0.ii.-l.  Bill 


■oH  laniotnoO 


aioT+taW  alqmog  -tW 


aioT+tnQ  alompg  tw 


iatoW  tW 


taniptnoO  aioT 


I io6  yiQ  to  tw 


0\° 


tnatnoO  aiutzioM 


timij  soo?lnhrig 


oJHI  ohT 


•oW  laniotnoO 


Jt30l±JjLW..9lflITiP.a.tW< 


aioT  +  ytQ  alqmpg  tW 


.iatoW.  tw 


laniotnoO  9tdT 


>W  lio8  yiQ  to-tW 


tnatnoO  aiuteioM 


isniptnoO  .)oV 


cV  to3  liog  yiQ  -loV 


<»V— V  -loV  apodnhrtg 


timij  apoilnhrlg 


(00.  x  -^9 


-Vtf*  »  JgS 


■ML 


^-aJqmog  to  noitqiiozaCJ 
* - /  V *SiJ.Q 


-■  -•• - ■- . .. . — _ ^LL  Ji..  -£n.u 


sauioV  apoiavA 

_ :  ■  cJ<^  S  i’\jJK 

■tilL  ^ 

- *  gVoT 


•  £  C  e  qI 

f  n  »  ^ 

.  ^  ■ ■  •  >»  — , 


ajhomaft 


... 


i! 


t 


t 


t 


it 


or 


?* 


Wo 


0* 


oe  es  os 

?wo!6 


2!  01  e 

to  ladmuH 
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UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


PROJECT  le-^T 

_ 

SITE  fcve  V 

SAMPLE  =“3 

LOCATION 

HOLE  *  ■=> 

DEPTH 

TECHNICIAN  V.  ^ 

datej. 

lljM. 

Liquid  Limit 


Trial  No- 


No.  of  Blows 


2-i 


20. 


ze> 


1L 


Container  No. 


Mil 


0.11. 


Wt- Sample  WettTare 


s&.i 


9Q  -2-//  8 


/oz.  *73(0  £ 


9«£3Q-S% 


/ Q(o  ■  7 L.  V-3 


Wt-  Sample  Dry  +Tare 


79  -^0^1 


bvq73«/- 


73 


9  7-z?e>/ 


Wt-  Water 


$>.o|  OQ, 


7-1  3<W- 


9.  Ca7  Iq 


/Q/o3/ 


,S,5i-kJL 


Tare  Container 


fe»S  •  S7o(g> 


<L7-QSZ7 


7Z-  0^33 


7?.S<*^7 


fc7.b<A^8 


*S3.7?37 


Wt-  of  Dry  Soil 


iz. ?Xzo 


If-  Q  ^ 


/5.7SSZ, 


i4i<><>79 


/3.SQ^ 


Moisture  Content  1*/% 


t>5-8> 


1^.7 


7o  ^ 


8  7-  b> 


7o.^o 


Plastic  Limit 


Trial  No- 


Container  No- 


Wt-  Sample  Wet+Tore 


32.73^3 


Sample  Dry+Tare 


Wt  Water 


Tore  Container 


Wt-  of  Dry  Soil 


Moisture  Content  %l  29 -L 


/ 


3Z- z-377 


Q-L7  9-^ 


g9.3>9Q3 


9b 


i 


3Z-  (97o 


o.(=>7<q7 


e  9.7o/<A 


2.Z1^ 


1L 


<77.8  7/0 


O.io3^3 


S^.IQtoZ 


?-/3<££ 


Shrinkage  Limit 


Trial  No 


Container  No 


Sample  Wet+Tore 


Wt-  Sample  Dry  4-Tare 


Wt- Water. 


Tare  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content  w°/« 


Vo  I  *  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  ^8 


OwT" *  ,0°) 


Description  of  Sample-- _ . 

di-IW;-  hmUUj  arey.. 


£ 


nrwv  rrl  OY 


Remarks: 


9  10  15  20  25  30 

Number  of  Blows 


. .  irb'-itofiq 

3T13 

3JSMA8 

.     ...  MOlTAOOJ 

....  1  HTS30 

•s?*  3J0H 

ll\3TA0 

MA101HH03T 

ATA38JA  to  YTI8H3VIHU 

3HIH33MI3H3  JIVIO  k>  T*S3a 

YH0TAH08AJ  80IHAH03M  JIOS 

3TIMIJ  0fi3afl3TTA 


timiJ  biu  p  i  J 


•  oH  It 


11 


11 


11 


ss. 


KS 


-LI 


8wo!8  to 


-2aHa> 


11H 


111 


V\  v 


osv 


oM  isniotf 


'  q>P\ 


3  ?o  £>V? 


3  \  S.o? 


Sa>~\>£.Y& 


eo?S)  9& 


sidT  t  tsW  oigmoS 


;sos>g 


rvos  to 


9tdT  -h  yiQ  glqmpg 


toto.c. 


toto.L?s..to 


kSl  \  X 


■riEr..P-g 


19tDW 


ffrVo  -sr 


j9niDtnoO  9' 


to-  -  '  ... 


Ic^gc)  ,  &\ 


lio3  yiQ  to 


iHl 


l£1 


J+lSLsL 


<9>?ci 


o\®ur  tnatnoO  9Tutei 


timiJ 

oitap  IS 

L-..> 

s 

v 

•oM  Iphl 

...  ...  il 

1 

*oM  idniPtnoO 

aioT+taW  slqmoS  tW 

cl  * .  .V 

C>\?  \  51 

fnoTf  VlG  alampS  tW 

19toW  IW 

VVO?.?5 

I9niotno0  sip! 

—  ?s,s 

J?-Vg-S 

lio3  yia  to  tW 

m 

w?s 

o\°  tnatnoO  aiutaioM 

tim»  J 

9po?lnhrie 

oH  i oiiT 


S9Ui0V  9QD19VA 


&InL  ~ 


llsLLL.  =g\A? 


*  pVT 


-1±J£  =  qt 


VAi  .  ,1 


g  tJ 


n 


oM  i9niotno0 


9W.ji.qm.p.  w, 


910T  +  yiq  olqmp8  tW 


i9niotnoO  oidT 


oW  1  i o 3  yiq  to  tW 


tnatnoO  eiuteioM 


i9niptno0  .loV 


t 


4 


oV  toS  lio3  yiQ  »loV 


oV-V  «loY  9po?lnivf8 


timiJ  9PP>innri8 


(ooi  X 


-Ol 


■lj.«  1 


sSqmoS  to  noitqh089(J 

— '■•’  -r"  iN  ‘  YA  J 


<r 


J^sLL.jJH ^xl. 


:8>(l0fn3fl 


If 


|: 


r< 
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■W 
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UNIVERSITY  of  ALBERTA 

DEPT  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


PROJECT  Te&t _ _ 

SITE  1 


SAMPLE 


LOCATION 


HOLE 


=& . 


TECHNICIAN 


DEPTH  IT 


DATE 


Li  q 


uid  Limit 


Trial  No. 


No.  of  Blows 


3  o 


/  3 


jjL 


Container  No- 


Wt-  Sample  Wet+Tare 


\l3lo 


\l  4. 1 


V ^4-(o 


^LLL 


&1.7  5  Ho 


11.75^2 


NZ ZZ 


93.5/7$ 


/o?-3 


97.  S5~2Co 


Wt- Sample  Dry+Tare 


JV£l lo 


81.5530 


«S3.  S/  77 


9fe.Q7^5' 


?o.7L7? 


g.7-  oo (o7 


Wt-  Water 


9.  ze> 


Tare  Cont a i n e r 


■  /^•38SZ 


9.977U 


/  /  ■  -ZC>  &  Co 


faS-5?QLi 


S-  78  ^ 


<87.0^5  z7 


<o9.(os^/a 


II.  1*759 


&3.7Z.37 


■77.  So  <47 


1Z.  Q4-SS 


Wt-  of  Dry  Soil 


IZ.  7  <^o7- 


/s4£  003 


/3.87  3/ 


M3$Q8 


/{  2L>ZZ 


1  7r  ? U  3 


Moisture  Content  'u/7s 


7Z-Q 


7/-L> 


77-  Z 


78.  y4 


7&./ 


779 


Plastic  Limit 


Trial  No- 


Container  No- 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Pry+Tore 


Wt  Water 


Tore  Container 


Wt-  of  Dry  Soil 


Moisture  Content 


% 


/ 


£ 


Z?  8?Q3 


zs.< o 


2 


MJJJJ 


Q.go87 


z7.?o/</ 


^:£/S7 


■&S-3 


// 


7/.  c-Ao? 


^■/2oo 


0.£Z0? 


3  7/Q< qZ 


Z.0/38 


JLS-..2, 


Shrinkage  Limit 


Trial  No- 

Container  No- 


Wt- Sample  Wet+Tare 

Wt-  Sample  Dry  -f  Tore 


■WJLWjalfel. 


Tare  Container 


Wt-of  Dry  Soil  Wc 


Moisture  Content  -nr0/, 


Vol-  Container 

Vol-  Dry  Soil  Pat  Vo 

Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  V| 


M  -  C^2-  *  ,0°) 

Description  of  Sample: _ 

plcx-srVte  t  -V  tr  vyi 

yi\a.^\  ,  — ^\sr.- - 


Remarks: 


. . 

.-••f  V  T0310?!S 

3v/i'"'4  3 Tl8 

 .  3J9MA3 

  MOlTAOOJ 

.  HT933. 

V  3 JOH 

3TAQ 

MAI01MH03T 

ATA38JA  to  YTI8H3VIMU 

0WH33HOM3  jj vto  to  T'qsa 

YH0TAH08AJ  20IHAH03M  JI02 

STIMIJ  083Sfl3TTA 


11^. 


ssi-Li-L. 


Vi. 


r. 


-JJL 


^k 


SV  2.tP 


timij  biupij 


J'2L 


^12  ir^. 


•  oM  ! d i 


awolQ  to  .1 


•oM  isniDtni 


aipT  t  taW  slqrnciS 


IT 


o>  zza.  ;a 


9i dT  f  yiQ  atqmog 


A-lL 


*!1±JL 


A^V-3! 


i^siVix 


s?£«?i  p 


iatoW  -1 


SV-Vrv  ?<$> 


,\„&ra.E\ 


laniotnoQ  911 


±££JL£L 


iioS  jia  to  -i 


•).\v 


o\°vaT  tnstnoO  aiutaic 


v-iaili 


•>  5-  St 


9&&S.K- 


v  \  ?  '& 


Vg'.^--T- 


timij  o  i  t  a  d  I S 


jj'&g.3.?5S 


t  \ .-  :■- 


tnatnoO  ar  ... 


j?JUonT 


•oH  laniofrnoC 


aioT-HaW  algmpg 


aioT t  yiG  elgmog  tyy 


Jllo.W.tW 


laniPtrtoO  9idT 


lio3  yiQ  to  t\fr 


timij  epoanhrig 


oM  lonT 


•opt  laniotnoO 


-gj-filt  taw  ?.l.qni5iLlV^, 


aioT-t-  yiQ  alqmog  tW 


■i9tpwrw 


i9niptnoO  9ipT 


qW  h'o8  yiQ  to  tW 


tnatnoO  amtaioM 


lsniptnoO  .loV 


oV  tpq  liog  yiQ  -(oV 


oV~ V  -loV  aportnhrig 


^  timij  apodnhrlg 


C00!  *  ~lwO  ^  *  J«s 


;9  V'"1?:  to  noitqhosaG 
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UNIVERSITY  of  ALBERTA 

OEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  T^s»t 

site 

SAMPLE 

LOCATION 

HOLE  OEPTH  Z<A' 

TECHNICIAN  7TT  DATE  1/3^/sV 

Liquid  Limit 

Trial  No- 

/ 

Z 

3 

/ 

Z 

3 

No.  of  Blows 

^3 

4-Z 

<4*4 

2o 

2o 

2/ 

Container  No. 

V7? 

V3( 0 

V  7  / 

v4/ 

V*/L> 

V2o 

Wt- Sample  Wet+Tare 

I&0.  77*/ £ 

77  333  <7 

/c>/.  9</G  0 

7G.277  V 

//o7$oi 

9(c./2  73 

Wt-  Sample  Dry  +Tare 

97-77B3 

e>7.B/  zs 

72.  -Asa  2 

e>?.  2  9  8.  A 

/o/.  7^  76= 

e^-  84-03 

Wt-  Water 

e>-79fc>Z 

7-7zo^ 

9.SO/B 

9.  00  /  / 

9./7  Zt=> 

Tare  Container 

7?.  S04.7 

<L7.  OSZ7 

7Z. 07-33 

£>9. 

^3.7237 

Wt-  of  Dry  Soil 

/B>  */9 3  Co 

ZO.SS7& 

20.39  </7 

/  7. 

/^-ois  7 

20.  Z<o  9  7 

Moisture  Content -u/% 

4-7. (0 

A  7-^ 

A4>.& 

S// 

£7./ 

50.7 

Plastic  Limit 


Trial  No- 


Container  No- 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry-fr Tare 


Wt-  Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content 


% 


L 


3g. ?  7-^-5. 


O.BSB8 


.Z. 


Z 


0.7a  3  Z 


1Z. 


4/-71V 


47.3^1 


39./Q(pZ 


Shrinkage  Limit 


Trial  No 


Container  NO' 


Sample  Wet -1-Tare 


Wt  Sample  Dry  -t-Tore 


.Wfll&L 


Tare  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content  •W'% 


.  Container 


Vol-  Dry  Soil  Pot  Vo 


Shrinkage  Vol-  V-Vq 


Shrinkage  Limit 


M  =  C^T- x  ,0°) 


Description  of  Sample--  _ _ 

slV\v, 

.e.ti-v  ,-Viryyij 


LA. 


i^m.1  ~  ^  1  "i  »  jit.  ,  — T — - 

co<*-\  ^  c^r<xx 


A 


f? 


rev 


aA. 


Remarks: 


-•  v/?  T«:-'  >1  TO.BtiAfKl 

AT838 JA  to  YTIS83VII/1U  . 

0HIH33MI0W3  JIVIO  to  -rqaa 
YR0TAR08AJ  20IHAH03M  .  J108 

8TIMIJ  0R3883TTA 

3TI3^ 

3JRMA8 

HOITADOJ 

HTqao  a  joh 

3  TAG  MA!01i»1M03T 

timij  biupij 

\ 

— J£ 

05 

ewolfi  to 

v 

WV 

\\v 

■v 

•oM  isniDtn 

9^pT  +  t9W  9lqmog 

L  -  -  -  -  lS 

3?>  .Vd 

j-V  >? 

9ioT  +  yiG  slqmpg 

?  sv.? 

a 

19t0W 

ZZ+o.SX 

isniotnoO  91 

a\ 

liog  yia  to 

.  \  vs 

o\®ur  tnetnoO  9iut8i 

timij  aitsciq 


: • * 


Lfc£L 


•-Q.kL-lJDi.lT 


•oil  isniptnoO 


eipTfteW  slqmog  tW 


sipT-MHO  glqrnpg  tW 


istpw  tV/ 


leniotnoO  9ioI 


liog  yiQ  to  tW 


o\°  tnatnoQ  amteioM 


timij  9pp>inhrig 


oV\  IniiT 


v. 


■llPT+lsW-  .fJ  q  w P  8  -t W, 


qidT+  viO  elqnnpg  tW 


JLfttPWtW 


ToniptnoO  aioT 


oW  (iog  yiq  totW 


)\°'W‘  tnstnoD  a^uteioM 


TamptnoO  .loV 

oV  tpq  liog  yup  »loy 


oV-V  .lov  9DD^n?iflg 
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UNIVERSITY  of  ALBERTA 

DEPT-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 

PROJECT  Test-  =“  S 

-SITE — 114^  A.7E.  ^  \4-4-’ns>  . 

SAMPLE  -^1 

LOCATION 

..HOLE  is_ DEPTH  ^ 

TECHNICIAN  DATE  z/z/sg 

Machine  Data:- 

Descript 

on  of  S 

W\qV\\v 

a  m  pie : 

Machine  No 
Multiplicati 
Wt-  Loading 

>.  °[ 

C.LA.Y  •.  - 

on  Factor  ,  x  50 

TvociQe.'V  ^VvocHroY-e.  •Dre,s^e vv\'  ove.v 

Block  Piston  (gms) 

moi&t 

SPECIMEN  DATA 

Specimen  Number 

l 

2 

3 

4 

5 

6 

Lateral  Pressure  ) 

Length  inches 

-4-1 

Area  »  e>'  sq.cms. 

i<o.4 

Volume  cc-s- 

Dry  Unit  Weight  Ibs/cu-ft- 

Gs=  ‘Volume  Soil  Solids 

Wt-  Tare  +  Soil  ■+■  Water  at  start 

Wt-  Tare  +  Soil  Water  at  end 

2>V-Z.07 

Wt*  Tare  +  Soil 

Number  and  weiaht  of  Tare 

J 

Wt-  Soil 

*37.34 

1 

Before 

Test 

Weight  of  water 

Moisture  content 

Degree  of  s a tu ration 

After 

Test 

We.ight  of  wafer 

73- 

Moisture  content 

31.  Z  % 

Degree  of  saturation 

Load 

on 

Pan 

Dial 

Rdg 

Strain 

% 

Area 

C-TTv" 

07 

Load 

on 

Pan 

Dial 

Rdg 

Strain 

Area 

<r, 

Load 

on 

Pan 

Dial 

Rdg- 

Strain 

Area 

67 

J  / 

0  q  rt\ 

•'ioqz. 

o 

lie.  4 

o 

",  J 

5>C> 

o-ziZ 

/U-V-7 

1 

1  OQ 

■8.1o<s 

o.Tii 

/b-S2 

!  50 

•^>4-51 

/■S'fo 

/Lk8 

o. 

2.-00 

70S.6 

4.9L 

n.  o? 

■  fotz  / 

CAOZ. 

n.4z> 

0.7 16> 

•b^3Z 

7-4-U 

17.7  Z 

o.e>V-7 

35o 

■  6z  50 

7-43 

/e.  / 

0.77 

iMo 

■  37  16 

;zU/ 

/e>.© 

l.o  C=> 

46o 

P-CVI  \£- 

> 

/ — o- 

“V 

/ 

k. 

-  J 

7 

s. 

1 1 

■■ — H 

- — j 

i — 

— X — 

_ 

~\ — 

— —  “X — 

— J 

n; — 

- - 

1  i 

i 

LJ 

_ 

— 

j 

L — j 

iz 
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UNIVERSITY  of  ALBERTA 

DEPT  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 

PROJECT 

.SITE  11  ‘47Ha-  A.v  g 

SAMPLE  z. 

LOCATION 

-HOLE ^  DEPTH  <7/ 

TECHNICIAN  P-  ■  DATE  If  /  S  1^  7 

Machine  Data:-  . 

Description  of  Sample: 

Machine  Nc 
Multi  pi  i  cat  i 
Wt-  Loading 

Cjl.PoT:-  V^qW\vj  tpIclsjVic.  .  mo\sfV 

on  Factor  x  Sq 

kroN^n  \  K.  ore^  m  tolor . 

Block -h  Piston  (gms.) 

y\ocn^erV •srVrocrT'or'e.  T>Y-o s.e,Y\±  . 

SPECIMEN  DATA 

Specimen  Number 

1 

2 

3 

4 

5 

6 

Lateral  Pressure  (07*  ) 

Length  inches 

Area  "Oi ^  i  .CY'  sq.cms. 

Volume  ccs. 

\^<o.O 

Dry  Unit  Weight  Ibs/cu-ft- 

78. S> 

Gss  ’Volume  Soil  Solids 

Wt-  Tare  +  Soil  -+•  Water  at  start 

Wt-  Tare  +  Soil  +  Wat er  at  end 

5 .(4 
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UNIVERSITY  of  ALBERTA 

DEPT-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 

PROJECT  Tt-s-r  1 

SITE  k 

SAMPLE  ^3 

LOCATION 

HOLE  _  DEPTH 

JECHNICIAN  -f'-L.  DATE 

Machine  Data:- 

Description  of  Sample: 

Machine  No- _ ^ 

Multiplication  Factor  y.  50 

-vi  <  ^  ,  m<o  \  -^v. 

Wt- Loading  Block  •+•  Piston  (gms.) 

SPECIMEN 


Specimen  Number 


DATA 


Lateral  Pressure  {<rrx  ) 


Length 


inches 


JLX. 


Area  ZP, a iA.  -- 1 •  Q  sa.cms. 


IkJir 


Volume 


c  c-  s. 


n<?-Q 


Dry  Unit  Weight 


Ibs/cu-ft- 


Gss 


Volume  Soil  Solids 


Wt-  Tare  +  Soil  •+-  Water  at  start 


Wt-  Tare  +  Soil  +  Water  at  end 


Wt-  Tore  +  Soil 


50^.3/ 


Number  and  weight  of  Tare 


Z'Af.'Xo 


Wt-  Soil 


Before 

Test 


Weight  of  water 


Moisture  content 


Degree  of  saturation 


After 

Test 


Wejght  of  water 
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Moisture  content 
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Degree  of  saturation 
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UNIVERSITY  of  ALBERTA 
DEPT-  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 


_C_Q  V_V  t-O  1  \  t.a  T  \  \  V__ 

SITE  L 

1 4-4-  ^  ^rr  . 

SAMPLE  *<1 

LOCATION 

-HOLE 

DEPTH  J51 

DATE  Z/z/SY 


Machine  Data:- 

Machine  No-_ _ 


Multiplication  Factor  *  Sq 


Wt-  Loading  Block  4-  Piston  (gms). 


Description  of  Sample  • _ 

[  r  yy\  ^ 

■■YYVo\^'VJ  IA  Co\or- 


SPECIMEN 


Specimen  Number 


DATA 


Lateral  Pressure  (97H  ) 


Length 


inches 


JL 


Area  T>i ^  i  e,"  sa.cms. 


1 is.; 


Volume 


c.  c.  s. 


/fa< o.  S 


Dry  Unit  Weight 


Ibs/cu-f  t- 


Gs= 


Volume  Soil  Solids 


Wt- Tare  4  Soil  4-  Water  at  start 


Wt-  Tore  +  Soil  +  Water  at  end 


337.97 


Wt-  Tare  ±  Soil 


Z<t.J  77- 


Number  and  weight  of  Tore 


JSsLlk. 


Wt-  Soil 


Z£o.9b 


Before 

Test 


Weight  of  water 


Moisture  content 


Degree  of  saturation 


After 

Test 


Wejght  of  water 


Moisture  content 
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Degree  of  saturation 
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UNIVERSITY  of  ALBERTA 
DEPT  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 


PROJECT  vI  ll  f*  5 

SITE  AJe.  t  liU4^ 


SAMPLE  *  «, 


lta 


LOCATION 


HOLE 


DEPTH 


TECHNICIAN  DATE  / 

PN  •  «  •  »  A  . 


Machine  Data:- 
Machine  No-_ _ 3_ 


Multiplication  Factor  yl  ‘S^ 


Wt- Loading  Block -+•  Piston  (gms). 


Description  of  Sample: _ 

Si  I’Vj'  ;  iqpt\  Tc 

■high  ^  rnoisrtj -4  ir*i;  gre.^ 


^  ycLve.1  yese.i\4 


SPECIMEN 


Specimen  Number 


DATA 


Lateral  Pressure  (<T7#  ) 


Length 


inches 


44 


Area  _i  .  -  i.fes"  sq.cms. 


n-4 


Volume 


c.  c.  s. 


Dry  Unit  Weight 


Ibs/cu-f  t- 


I  oe,.-o 


Gs= 


Volume  Soil  Solids 


Wt-  Tare  +  Soil  +  Water  at  start 


Wt-  Tore  +  Soil  +  Water  at  end 


443.  44 


Wt-  Tore  +  Soil 


377.4/ 


Number  and  weight  of  Tare 


30  .to& 


Wt-  Soil 


348.73 


Before 

Test 


Weight  of  water 


Moisture  content 


Degree  of  saturation 


After 


We-ight  of  water 
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Moisture  content 
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